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1.0 INTRODUCTION

A Fortran IV computer program has been written to solve for unstable

values of the thrust frequency from the thirteen stability equations

/463 2

For completeness the origin and the equations themselves are presented

derived in Section 10 of Reference 1.

in Sections 2.2 and 2.3. Specifically, this report presents a Fortran IV
computer program that evaluates the natural frequencies of a thin cylindrical
shell with free-free end conditions and then evaluates unstable values

of the thrust frequeﬂcy for given initial conditions. This Fortram IV

computer program is operationally compatible with the Fortran Processors

of the IBM 7094 and the Univac 1107 digital computers. m

Of the thirteen stability equations derived in Reference 1 and pre-
sented in Section 2.3 of this report, eleven were identical to the stability

equations derived previously for the simply-supported case in Reference 2.

A program to sdlve for unstable Qalues of the thrust frequency for
these eleven equations was written and this program was presented in
Reference 3. With some modifications this program is used to solve for
the natural freq#encies and unstable values of the thrust frequency of
the eleven equations identical between the simply-supported case and the
free-free case. The necessary modifications of the prog?am presented in
Reference 3 are given in Sections 4.1 and 4.2. Consideration of the bending
action of the cylinder of Reference 1, an action not previously considered
in Referencé 2, has produced two additional stability/;quations. These two

equations contain some beam parameters. A Fortran IV Computér Program presentad



in Reference 4 has been modified and then used in calculating the necessary
beam parameters. The modifications of this program appear in Sections

5.1 and 5.2.

All additional subroutines that did not appear in the programs
presented in Reference 3 and Reference 4 are presented in Sections 6.1,
6.2, 6.3, and 6.4, The various constraints of the program are given in

Sections 7.1, 7.2, and 7.3.

A complete listing of the Fortran IV Computer Program is given in

Section 8.2.



2.0 STABILITY CONSIDERATIONS

2.1 Development of Equations involving only Cylindrical Parameters

This report is a companion report to the free-free analysis presented
in Reference 1. All symbols unless otherwise indicated will be those used

in Reference 1.

As presented in Reference 1 the Matheau Equation is

d2y

2
d'r1

+ (a - 2q cos 21))y = 0 (1) {7.1-4}*

where

8mrL TOK Y
a4 = e—— q=;‘.’. (2) {7'1—3}
IQZ 2
with ranges
0<ac<l, 0 <qc< 0.05 3  {7.1-5}
As shown in Reference 1
% _
sin -g—’l = 8(0) sin? I (a # 4r2) 4)  {7.1-27}
where for small values of g
' ACO) = 1 + —g’ﬂ-z— cot TAZ (5) = {7.1-28)
: 4a*(a-1) 2 < '

* If an equation appearing in this report appeared in Reference 1 also,
the equation number in Reference 1 will be shown in braces.

3



which after substituting q = Ya/2 and simplifying becomes

3/2 2

%

ma

A(0) = 1 + 12 X_ cot

16(1-a)

The expression for B is written

B =2/n [sin-l'{[A(O)]% sinAE%E }]

-2

(6)

(7

which demonstrates that 8 is a function of Q by virtue of equation (6)

and equation (2) in this report.

2,2 Origin of the Two Stability Equations Involving Beam Parameters

Two of the stability equations derived in Reference 1 contained beam

parameters. These two stability equations are

- Wok

Q
Q= EZ)—
I(ar + s)l 1
k
T
s
and
—-m
- Yk _9a

@ 1 3 &

1’2’...,N1
1,2,...,R

-S to 45

1,2,000,M;
1,2,. on,‘Nl
1,2,3
1,2,...,R
-5 to 45

4

(8)

(9)

{10.2-8}

' {10.2-39}



Now
M1=N1=10

as in Reference 3.
Also

R=3
Corresponding to

1) The first bending mode
2) The second bending mode
3) The rotational mode

and

where 5 is the number of terms of a converging series that are considered.

The series is

= I ep® QLofit (10)  [3.4]%

==

This series has converged sufficiently after five terms so only

s = =5 to +5

is considered.

. ‘ Ve
Equations {10.2-8} and {10.2-39} have the two parameters a and s in

them. These parameters were introduced into. the analysis in Reference 1

* All equation numbers appearing in brackets are the equation numbers of
the same equations in Reference 5.

5



to allow for the end displacement of the cylinder. The relative end dis-

placement of the beam is given in terms of the parameter y in the equation

9y
1 __3x

Ju
1+ Ao

Vg = tan (11)  [2.2]

The displacement y is approximated considering the Galerkin Method by a

solution of the form

y.(E,T) = q, + q & + (1) ¢ (&) CQ2)  {8.2-1}
N A B nzl 9 n and
[2.59]

where

qA is a translation term

g is a rotation term and

o0

ag(1) = u (1) = L ocy (13) {8.3-7}
B g=- and
[3.5]

(s) ei(§r+8) 8

r=1,2,...,R

qn(r) is a generalized coordinate associated with ¢n(E), the nth vibration

mode shape of a free-free beam (cylinder).

+e i(o,+s) -
qn(r) = un(r) = z Cn(S) e (arts ot . (14) {8.3-9}
" and
{3.5]
r=1,2,...,R

When the expressions {8.3-7} and {8.3-8}are substituted into the expression
s

Py

for Y0k {9.1-36} and the resulting convolution integrals afe evaluated the term

(ar+s) appears. The same convolution intégrals appear in the expression



for Uy {9.4-61, vjk‘{9.4—8} and wjkA{9.4—10}. The two additional stability

equations presented earlier in this section are

- w .
g = —2k . %— | (8)  {10.2-8}
Iar+si i

which comes from considering uOk'{9.l—36} and

m
f=mdk  _ 0 (9)  {10.2-39}
Iar+s| “1

which comes from considering u " {9.4-61}, ik {9.4-8}, and wjk'{9.4-10}.

3

2.3 Presentation of Stability Equations

2.3.1 Subroutine UNST1l Solves Equation {10.2-61}

10

C N\ Q -
Q, = [(i-2)2 + — =
D2+ e Bl - =3

Ok
where
-lif 4=
2
e, = F if i=2 k=1,2,...,N
1 if i=3 i=1,2,3
2
i £;> k WoK
8 -
1 1 -~-—= 1 w
2 01
8 -
2 - 2 w
2 02 7
3 14+ 8 3 Tos
2 ) ;
N SoN,



2.3.2 Subroutine UNST2 Solves Equation {10.2-8}

G= 0k _ 2
| (a_+s) | “1
r

where

k = 1,2,000’N1
r=1,2,...,R

8 = -§ to +S

r £ Ok k
1 -S BOk k =1,2,...,N;
1 -S+1 . .
l "l ° .
l 0 (] ]
1 1 . .
l S-l . .
1 S ° L]
2 -S 9 .
2 -S+1 ® °
R S-‘l © L]
R S GOk k=1,2,...,N,



2.3.3 Subroutine UNST3 Solves Equation {10.2-10}

where

Q -m

Q=w1=wjo

m= 1,2

j = 1,2’...’M1

n i _io
=1
1 1 wlO
2 1 B2
“10
-1
1 2 w50
-2
2 2 Wsg
-1
1 3 0.)30
=2
2 3 w3g
-1
1 M w.
1 _210
2 M w,



2.3.4 Subroutine UNST4 Solves Equation {10.2-13}

where

I=

®

21(i-2)2 + ei?]f)—l

m= 1,2

j = 1,2,-..,M1

i=1,2,3
1 Yo
1 0l
o 510
2 650
2 ago
3 w3,
3 w50

-m
= W

30

10

[

—

- = if i=1

= if i=2

Lif i=3

2 -8

2+ 8B



2.3.5 Subroutine UNST5 Solves Equation {10.2-16}

where

E]

®

FaN

’

1,2
1,2,00.,M
1,2,3

,2,3

if i=1

if i=2

Nl N[ N

-1
“ o
-2
M.0

i#p

if i=3"

L

~7y2 _n2
(1~2)2 + (p-2)2 + (ei+ep)3l

11

-1
")
jo

[N

Hh
=)
I

[ d

Nl N o
H -
o
o o
L] U
w N

©,
not admissible
1
2
1
not admissible
1+8
2
1+8

not admissible
e



2.3.6 Subroutine UNST6 Solves Equation {10.2-19}

where

=

=
4

®

—\

—

. Q -m
|(i-2)2 - (p-2)2 + (ei-ep)BI o

1,2

= 1,2,.--,M1

i=1,2,3
p=12,3
Lig =1
2
l‘. i =
5 f i=2
Lif 4=3
2
-m
i Yio0
-1
1 wlO
-2
1 wo
-1
2 w50
=2
2 wyg
~1
3 w3g
~2
3 “3o
=1
M, Wy o
M :
1 l0

i#p

[

12

™~

wJO

[ N
H

if

if

DO T Y TS O

| =

p=2
p=3

®

not admissible
-1+ 8

8
1-28

not admissible

not admissible
/ .




2.3.7 Subroutine UNST7 Solves Equation {10.2-22}

where

=}

@

I\

. N

Q -
[(1-2)2 + ¢ B] — = w‘f‘k
i wy J
1,2,3
1,2,000,M,
1’2’.."N1
1,2,3
~m
i “jk k
1 aik k=1,2,...,N
=2
1 wlk .
1 w3 .
“Ik
=1
2 ka R
2 w2 .
Y2k
-3
2 ka .
3 wl .
“3x
3 w? .
3k
-3
3 w3k .
M ol .
1 M
—zlk
M1 lek .
M, By L k=L
1

13

—i— if i=1
1 ¢ o
7-1f i=2
Lif 1=3
Z
i (O]
1 1-~3g
2 %8
3 1+ %8



2.3._8 Subroutine UNST8 Solves Equation {10.2-25}

~- Q
[(1-2)2 + 1 + ¢ ér--= ®
i’ w

where
m=1,2,3
i=1,2,..0,M,
k=1,2,...,N;
1=1,2,3
n i ke
1 1 mik
2 1 aik
3 1 aik
1 2 a;k
2 2 agk
3 2 mgk
1 3 m;k
2 3 mgk
3 3 agk
1 M, mgilk
2 M, - aﬁlk
3 M, aﬁlk '

k =

-m
1 jk
1
- = 4if i=1
2
= 1 =
ei > if i=2
1
= if 1=3
2
k i
1’2,'-0,N1 1 2 - %B
. 2 1+ %8
. 3 2+ %8

l’z’oo-,Nl

14




2.3.9 Subroutine UNST9 Solves Equation {10.2-28}

®

N\

[(i-2)% = 1 + ¢8| 2 =
i
where
m=1,2,3
j = 1,2,0.0,M1
k = 1’2,...,N1
i=1,2,3
—m
m i Uik
-1 -
1 1 0] k =
-2
2 1 07k
3 1 @3
Y1k
1 2 wl
“2%
2 2 ©2
2k
3 -3
2 ka
1 3 @t
3k
2 3 w2
P35
3 3 w3
3k
1 M ol
1
) -
M "’Mlo
-3 =
3 M, M o k

-m

jk

| =

1,2,00.,N

15

Nl Nl o

I

e
Fh

[N
L]




2.3.10 Subroutine UNST10 Solves Equation {10.2-31}

©

where

|

T(i-z)z + (p-2)2 + (ei+ep)8j

,2,3

1,2,3,...,M4;

1’2’3’. L] .’Nl

,2,3

1,2,3

3
1

i#p

k=1,2,...,N

k

1

k =1,2,...,N

16

(] [Fol S [ XY [

Q ~m
—
w1 w

jk

I+

|

1
- L 4f p=1
;i
L p=2

i-if p=3

not admissible
1
2
1
not admissible
1+8
2
1+8

not admissible



2.3.11 Subroutine UNST1l Solves Equation {10.2-34}

@

. N

7y ~ -~
[ =-2)2- (p=-2)2+ (e, —€)B| —=0
i P wy jk
where
m = 1’2’3 _ -]:- if i=1 _ -]; if p=1
j = 1,2,00.,M1 2 2
g, = L g 4=2 € = L 45 p=2
K =1,2,000,N 1 2 P 2
el Lif 1=3 L if p=3
i=1,2,3 14p 2 - 3
p=12,3
e @
- i ik K - s -
1 1 Eik k=1,2,...,N; 1 1 not admissible
2 1 aik , . 2 1 -1+8
3 1 aik . 3 1 B
1 2 a;k . 1- 2 1-8
2 2 agk . 2 2 not admissible
3 2 @3 . 3 2 1
2k
1 3 a_g,k . : 1 3 -8
2 3 w2 . 2 3 -8
3k :
3 3 &');k e 3 3 not admissible
=1
1 M1 lek R
2 ' @2 .
M1 lek
3 M, aglk k= 1,2,...,N | 4

17



2.3.12 Subroutine UNST12 Solves Equation {10.2-37}

@

—_—\

r~ \Q -m
2[(i-2)2 + — =
[(1-2) eiB] o1 mjk
where
m=1,2,3
—-% if i=1
j = 1’2’.."M1 1
ei = = 4if i=2
k = 1,2’00.’N1 2
lif i=3
1=1,2,3 2
~m
n i ik K i O
1 1 aik k =1,2,...,N; 1 2-8
2 1 w2 . 2
wlk B
-3 . 2 +
3 1 wlk 3 B
1 2 o! .
2k
-2
2 2 ka .
=3
3 2 W .
1 3 ol .
“3x
-2
2 3 w3k .
3 3 @3 .
3k
1 M wl .
1 Mlk
-2
2 Ml lek . Y
3 Ml Esilk k = l,z,o'o,Nl

18



2.3.13 Subroutine UNST13 Solves Equation {10,2-39}

~m

o &
I(a +s)| 1
where r
i=12,...,4
k=1,2,...,N;
m=1,2,3
r=1,2,...,R
s = -5 to +§
~m
n i x s Zik
1 1 1 -S aik k =
1 1 1 ~S+1 .
1 1 1 1 .
1 1 1 0 .
1 1 1 1 .
1 1 1 S-1 .
1 1 1 S .
1 1 2 =S .
1 1 2 ~S+1 .

e e o ¢
.

¢ e o o
.

e o o e

19



I8
e
In
|

. };fg,
=

1 1 R S"l °
1 1 R S R .
2 1 1 -S w? .
1k
2 1 1 =S+1 . .
2 l R S"l . v
2 1 R S . .
3 1 1 -S w3 .
1k
3 l 1 _S+l . 1)
3 l R S_l . [
3 1 R S .
2 - _1 .
1 1 S w2k
l 2 l -S+l . .
3 ¥ R s-1 @l .
Mik
P 3 =
3 M1 R S lek k 1,?,...,N1

2.4 Modifications of the Stability Equations

The stability equations as they are presented in Section 2.3 have been
rendered dimensionless by the factor w)l (see Section i:l). But the dimensioned
unstable value Q (Q = ﬁwl) of the thrust frequency is the desired quantity.
This quantity is pbtained in the FORTRAN IV computer program by using w rather

than w in the stability equations. This true natural frequency w is calculated

in the sdbroutine NAFREQ.
20



3.0 OUTLINE OF FORTRAN IV COMPUTER PROGRAM

v3.l General

The following FORTRAN IV Computer Program has been developed to
calculate the natural frequencies and the unstable values of thrust
frequency from data consisting of the parameters, H, r, t, p, E, v,
Ml’Nl’I;’ Y, , and K. The manner in which these data words are
read into the computer is presented under FORTRAN IV COMPUTER PROGRAM

INPUT AND OUTPUT INFORMATION of this report.
The computer program consists of the following parts:

3.1.1 Main Program -~ FORTRAN IV Computer Program for the
Evaluation of Natural Frequencies (OMG) and Unstable
Values of the Thrust Frequency (COMG) for a Free-

Free, Circular Cylindrical Shell.

3.1.2 Subroutine NAFREQ -~ Subroutine for the Evaluation of
Natural Frequencies (OMG). Subroutine calculates 1l0-values
of OMG(0,K,I), 20-values of OMG(J,0,I) and 300-values of

oMG(J,K,T).

3.1.3 Subroutine UNSTL1l - Subroutine for Unstable Values of
Thrust Frequency, COMG, Equation {10.2-6}. Consideration of

three (3) cases, involving 30 values.

/
3.1.4 Subroutine UNST2 - Subroutine for Unstable Values of Thrust
Frequency, COMG, Equation {10.2-8}. Consideration of thirty-three

(33) cases, involving 363 values.

21



3.1.5

3.1.6

30107'

3.1.8

3.1.9

3.1.10

3.1.11

3.1.12

Subroutine UNST3 - Subroutine for Unstable Values of Thrust
Frequency, COMG, Equation {10.2-10}. Consideration of

one (1) case, involving 20 values.

Subroutine UNST4 - Subroutine for Unstable Values of Thrust
Frequency, COMG, Equation {10.2-13}. Consideration of

three (3) cases, involving 60 values.

Subroutine UNSTS5 - Subroutine for Unstable Values of Thrust
Frequency, COMG, Equation {10.2-16}. Consideration of

nine (9) cases (3 inadmissible), involving 120 values.

Subroutine UNST6 - Subroutine for Unstable Values of Thrust
Frequency, COMG, Equation {10.2-19}. Consideration of

nine (9) cases (3 inadmissible), involving 120 values.

Subroutine UNST7 - Subroutine for Unstable Values of Thrust
Frequency, COMG, Equation {10.2-22}. Consideration of

three (3) cases, involving 900 values.

Subroutine UNST8 - Subroutine for Unstable Values of Thrust
Frequency, COMG, Equation {10.2-25}. Consideration of

three (3) cases, involving 900 values.

Subroutine UNST9 - Subroutine for Unstable Values of Thrust
Frequency, COMG, Equation {10.2-28}. Consideration of

three (3) cases, involving 900 values.
‘ v

Subroutine UNST10 - Subroutine for Unstable Values of Thrust
Frequency, COMG, Equation {10.2-31}. Consideration of
nine (9) cases (3 inadmissible), involving 1800 values.
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3.2

3.1.13 Subroutine UNST1l - Subroutine for Unstable Values of Thrust

Frequency, COMG, Equation {10.2-34}. Consideration of

nine (9) cases (3 inadmissible), involving 1800 values.-

3.1.14 Subroutine UNST12 - Subroutine for Unstable Values of Thrust

Frequency, COMG, Equation {10.2-37}. <{onsideration of

three (3) cases, involving 900 values.

3.1.15 Subroutine UNST13 - Subroutine for Unstable Values of Thrust

Frequency, COMG, Equation {10.2-39}. Consideration of thirty-

three (33) cases, involving 9900 values.

FORTRAN IV Legend for Input - Output Data

The FORTRAN IV designation for input data is as follows:

Input - OQutput Parameter FORTRAN 1V Name
H, half length H
r, radius R
t, thickness ' T
p, mass density ’ . RHO
E, modulus E
v, Poisson's ratio \'
w,s reference frequency W
M;, axial modal limit M
Ny, circumferential modal limit N
To’ constant thrust y{ng
Y, ratio, variable to constant thrust © GAM
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Input - Output Parameter FORTRAN IV Name

1, thrust frequency COoMG
K, control constant CK
w, natural frequency oMG

Full details on the manner in which these data are read into the
computer is presented under FORTRAN IV Computer Program Input and

Output Information.

3.3 FORTRAN IV Computer Program Input and Qutput Information

3.3.1 Input

The input data which must be punched on cards are the terms H,
Ry T, RHO, E, V, M, N, TO, GAM, CMG, CK. These data are punched on

two cards.

The first data card will contain H in spaces 1 through 10, R in
spaces 11 through 20, T in spaces 21 through 30, RHO in spaces 31 through

40, E in spaces 41 through 50, and V in spaces 51 through 60.

The second data card will contain M in spaces 1 through 5, N in
spaces 6 through 10, TO in spaces 11 through 20, GAM in spaces 21

through 30, COMG in spaces 31 through 40, and CK in spaces 51 through 60.

The READ STATEMENTS for the first and second data card will be
/7

as follows:
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2 READ(5,102) H, R, T, RHO, E, V,

102 FORMAT (6F10.5)

3  READ(5,103) M, N, TO, GAM, COMG, CK

103 FORMAT (215, 4E10.5)

A definition of input data is given under FORTRAN IV Legend for

Input - Output Data.

3.3.2 QOutput

The values of natural frequencies m?k [OMG(J,K,I)] are printed
in floating point numbers except the values of J and K which are

integer values.

The unstable values of the thrust frequency Q?k‘[COMG(J;K,I)]
are printed in floating point numbers except the values of J and K
which are integer values. A descriptive title, properly identifying
the equation number and the particular case, is printed before each

section of the program printout.
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4.0 MODIFICATIONS OF FORTRAN IV COMPUTER PROGRAM FOR A

SIMPLY-SUPPORTED CYLINDER

The program presented in Reference 3 has been modified to solve for
the natural frequencies and for unstable values of the thrust frequency for the
eleven stability equations that are identical between the simply-supported
analysis (Ref. '2) and the free-free analysis (Ref. 1). These modifications

were as follows.

4,1 Modifications of the Main Program

In the main program, subroutine NAFDEQ, the value of a parameter,
with a FORTRAN IV name of W (Ref 3., Section 3.2), was read into the routine
from a data card. This parameter is ® the frequency by which the stability
equations are divided to obtain a dimensionless equation. For the program
presented in Reference 3 an arbitrary value of 100 was selected for W.
In the free-free analysis of Reference 1, w is no longer arbitrary but now
W= w where w, is the frequency of the first bending mode of a uniform beam

with the same length and mass as the cylinder under consideration. A

calculation of W is now performed in NAFDEQ using the relation

A .
w = ()N /EL (15) {c-12}
n 2L m

4,2 Modifications of the Subroutines

The order and names of the various subroutines that solve for unstable
s
values of the thrust frequency were changed to conform to the order that

"these same eleven equations appeared in Reference 1. These changes were:
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UNST1
UNST2
UNST3
UNST4
UNST5
UNST6
UNST7
UNSTS8

UNST9

remained UNST1
became UNST3
became UNST6
became UNSTS
became UNST4
became UNST7
became UNST9
remained UNST8

became UNST11

UNST10 remained UNST10

UNST1l became UNST12
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5.0 MODIFICATIONS OF A FORTRAN IV COMPUTER PROGRAM FOR

A FREE-FREE BEAM

A program presented in Reference 4 has been modified to calculate the

beam parameter o appearing in equations {10.2-8} and {10.2-39}.

5.1 Modifications of the Main Program

The name of the Main Program was changed from DRIVER to BEAM. All
of the necessary datg that was read into DRIVER from data cards is inserted
into BEAM via defining statements. The only exception to this is the value
of T, (the FORTRAN IV name is TO), the constant thrust force. TO is
calculated in BEAM and the necessary data for the calculation is inserted
into BEAM via the argument of the CALL and SUBROUTINE statements of BEAM.
All COMMON statements have been removed from the program presented in
Reference 4, and data is now transmitted between subroutines via the
arguments of the CALL and SUBROUTINE statements. All write statements
appearing in DRIVER have been removed from BEAM. The natural frequencies
of the beam are calculated by obtaining the eigenvalues of a matrix. A
new parameter name, OMG2, is inser;ed into BEAM. This parameter is defined

as equal to the second natural bending frequency of the beam.

542 Modifications of the Subroutines

The parameter a is related to another parameter z by the relation
r

Ve
z. = cos2na p (16) [3.17b]
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The FORTRAN IV name of 2z is ROOTR. Three values of ROOTR, corresponding

to the first and second bending modes, and the rotational mode, are cal-
culated in the subroutine STAB using another subroutine MULLER. The program
presented in Reference 4, has been modified in STAB to check for multiplicity
of the three values of ROOTR derived by MULLER because the accuracy of the
values from MULLER is at best. only four significant digits if a multiplicity
existS. If as a result of the check a multiplicity is found to exist then

the values of ROOTR derived by MULLER are used as initial guesses in an
additional, Newton-Raphson iteration subroutine called ROOTS that has been

programmed to derive ROOTR to better than seven significant digits.

Consider the change of variables in Equation [3.17b] from

Z = cos2ma (17). [3.17b]
to

z = cosfB (18)
where now

B = 2ma . (19)

As was.established in Reference 4 the conditions of 2 < 1 must be satisfied
or there is a beam: instability. With this restriction on 2,8 can now be

expressed as - 1-z2
B = tan 1 ¢ Z ), -(20)

STAB has been modified to calculate three values of B, whose FORTRAN IV

name is BETT, for the three values of ROOTR.
7

A check is performed on the three values of ROOTR to determine if one

of them is negative. The variable ME2 is assigned a value of zero if the check

is negative and a value of one if the check 'is positive.
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6.0 ADDITIONAL SUBROUTINES

The two additional stability equations {10.2~8} and {10.2-3} that con-
tain the beam parameters @ and s, and whose origin was traced in Section 2.2,
require four subroutines to be added to the program presented in Reference 3
modified as in Section4.0 in addition to the modified beam program presented

in Section 5,0, These four additional subroutines are as follows.

6.1 Subroutine UNST2

This subroutine considers thirty cases involving three hundred sixty-
three values. UNST2 is designed to use when necessary the iteration
technique described in Appendix A, Section II of -Reference 3 to calculate

for unstable values of the thrust frequency.

When Q is greater than 100 the wvalue of o, is assumed to be zero since
Z approaches asymptotically the value of one in the region Q > 2w,
(see Section 7.1). Therefore when Q is greater than 100 UNST2 calculates

2 using the formula

Yok

= TST (21)

1Y)
When Q is less than 100 the value of @ corresponding to a given Q is
calculated and the iteration procedure described in Reference 3, Appendix AII
is used to derive a value of Q that will satisfy {10.2-8}. By assigning a

P

value other than zero to the parameter MEL after the fifth iteration all
e

subsequent values of ROOTR calculated in STAB (see Section 5.2) using MULLER

will be improved upon by using ROOTS also.

30




The values of 9 are printed out, one at a time, in a write loop after

all of the values have been calculated.

6.2 . Subroutine UNST13

This subroutine considers thirty cases involving nine thousand nine
hundred values. UNST13 is similar to UNST2 except that it calculates unstable
value of the thrust frequency for equation }10.2-38}. The write loop of
UNST13 is designed to print out all the values of I three at a time. The

three values being the three values of the subscripts J, K, R, and S. The

subscript I is the FORTRAN IV name for the superscript m in equation

- w k ' .
q = —I 9  {10.2-39°

6.3 Subroutine SORT

This subroutine is called in both UNST2 and UNST13. 1Its purpose is
to take the wvalues of BETT calculated in STAB (see Section 5.2) and sort
these values according to relative magnitude and calculate . from the

relation

a = B/2w (22)
r

(see Section 5.2), The method of sorting depends upon the value assigned

. to ME2 in subroutine STAB (see Section 5.2),

6.4 Subroutine ROOTS 7

Increased accuracy was found to be necessary in the computing of a variabl
named ROOTR in the beam program (see Section 5.2). To get this desired

additional accuracy the Newton-Raphson iteration subroutine ROOTS is used.
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7.0 CONSTRAINTS OF THE FORTRAN IV COMPUTER PROGRAM

‘

7.1 Origin of Limiting Value of the Thrust Frequency

In the analysis of Reference 5,and as presented in Reference §,p220

and p228, the regions of instability occur when

w, + w,
9=_}_k__l (23)
|-
|
and
2wi
 =— 24
- (24)
k=1,2,3

where w is the natural frequency of a beam and Q is the thrust frequency.

For a beam the natural frequencies are ordered

W< Wy < W (25)

B 2

where
we is the natural frequency of the rotational mode
w; is the natural frequency of the first bending mode

w, is the natural frequency of the second bending mode

Necessarily then

20, < 20 < 20 (26)
B 1 2 .
therefore since
2w,
q=—= (Ref. 6) 7 (24)

k= 1,2,3,...
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the value
Q = 2w2

is the largest value of Q for a beam instability considering the three modes

Wgs W1y and w,

If
Q < 2u, (27)
since by
wp < wl < wz {(25)
ml < u;.z < 2w2 (28)

The relative order of the three values of B calculated in STAB (see

Section 5.2) will remain the same.

7.2 The Constraints of Subroutines UNST2 and UNST13

The value of w, is calculated in BEAM (see Section 5.1). 1In light
of the limit imposed upon Q in section 7.1 a test is made upon Q to

determine if
Q> 2w2 . (27)

If the inequality is satisfied the iteration to determine Q continues. If
the inequality is not satisfied the iteration is terminated and Q is assigned

the valueb e

COMG (JKIS) = .11111111 (29)
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and the next case is then considered, If the iteration procedure cannot
satisfy the stability equation after fifteen iterations, Q is assigned the

value
COMG(JKIS) = .22222222 (30)
and the next case is then considered.

If in the iteration procedure the inequality

’Q>lx106

is satisfied, the value of Q that caused the inequality to be satisfied

is stored in the COMG(JKIS) array and the next case is considered.

If the value of aOk or ETk is such that the formula
. J

S0k
N
-

- w. ‘
0 = _ik (32)

|s]

(31)

or

is being used (see Section 6.1) and if also s = 0. Then Q is assigned the

value
COMG (JKIS) = 10000000 N (33)

A test 1s made on each value of Q before it is printed out. If the

1nequality

6
N <1x 10
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is satisfied the value of  that satisfied the inequality is printed out.

If the inequality is not satisfied the letters INFIN are printed out.

7.3 The Remaining Constraints

The eleven subroutines that solve the eleven stability equations
that are the same in the simply-supported analysis (Rei. 2) and the free-
free analysis (Ref. 1) are the same as the eleven subroutines that solved
these equations in Reference 3. Only the order and names of these subroutines
have been changed from the programs presented in Reference 3. These changes
are outlined in Section 4.2, The constraints of these eleven subroutines

are given in Reference 3, Appendix A, Section I.
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8.0 FORTRAN IV _SOURCE PROGRAM

8.1 General Statement

The program which defines the operations which the computer is
to do and which is written by the programmer in the FORTRAN IV language
is called the FORTRAN IV Source Program. With this in mind, and with
the understanding of the programs presented in Reference 3 and Reference 4,
the reader with the aid of the preceeding sections should have little diff-

iculty in understanding the following Program Listing.

This program has been written to use either chain or overlay techniques.
These two methods result in differences in the main subroutine NAFDEQ and
in the MAP used. Duplicate listings of both NAFDEQ and MAP, one listing

each for overlay and chain, are given in Section 8.2,

8.2  Program Listing
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.
I FOR NAFDEG

2N ek eN g

100

102
103

104

105
106

COMMON/DOG/LrSeUrVeWIPI ,MiNIOMG(20+,2003) ¢RoHr TOrCKeRI)GAM

NASA CONTRACT NAS8-=11255 (LONGITUDINAL VIBRATION RESEARCH)

FORTRAN 1V COMPUTER PROGRAM FOR THE EVALUATION OF NATURAL

FREQUENCIES (OMG) AND UNSTABLE VALUES OF THE THRUST FREQUENCY

(COMG) FOR A SIMPLY=-SUPPORTED,» CIRCULAR CYLINDRICAL SHELL,

REAL L

WRITE (60100)

FORMAT(1H1 20X+ 31HLEGEND OF TERMS USED IN PROGRAMi//15X130HH ====
1HALF LENGTH OF CYLINDER¢/+5X925HR ==== RADIUS OF CYLINDER!/ 15X 33H
27T THICKNESS OF CYLINDER WALL s/ ¢5Xr40HRHO =~ MASS DENSITY OF C
SYLINDER MATERIAL»/ 15X ¢38HE ==== YOUNGS MODULUS FOR THE MATERIAL¢/»
USX9121HV ===m= POISSONS RATIO¢/15X+126HW ==== REFERENCE FREQUENCY'?/+¢5
5X138HM ===e NUMBER OF AXIAL VARIATION TERMS»/¢SXr3GHN ==== NUMBER
60F RADIAL VARIATION TERMS+/+5X»30HJrK == SUBSCRIPTS OF THE ARRAY,/
TeS5X e I4HOMG(JrKr 1) === NATURAL FREQUENCY 1/+//5X¢34HOMG(JIKP2) e=== N
8ATURAL FREQUENCY 2¢/¢5X ) 34HOMG(JeKe3) === NATURAL FREQUENCY 3+/¢5X
9¢28HTO =~= CONSTANT THRUST FORCE+/¢5X+r38HGAM == VARIABLE THRUST/CO
INSTANT THRUST ¢/ +5X+48HCOMG == CAPITAL OMEGAs INSTABLE SEARCH FREQU
2ENCY» /15X 91 39HDCOMG ==~ DELTA CAPITAL OMEGA, INCREMENT»/¢5X¢20HCK==C
SONTROL CONSTANT)

READ (5+102) HeReT+RHOVE WV

FORMAT (6F10.5)

READ (59103) MeNeTOeGAM,COMG DCOMG CK

FORMAT (2I5+5E10.5)

WZ22,373286*%SART(EXR*%2 ,0/ (2, 0%RHO) )/ (4 ,0%H%x%2,40)

WRITE (6¢104) HyReTrRHO WeE sV MyNeTOrGAM»COMG,DCOMG»CK

FORMAT(1H1+,10Xr2HUNSTABLE VALUES OF THE THRUST FREQUENCY(COMG) FO
IR THE CYLINCER»//¢3Xe Ll4HHALF LENGTH = ¢3PE15+5¢10Xs9HRADIUS = ¢ 3PE
215¢59 10X 12HTHICKNESS = ¢1PEL1S5e5¢// 93X 15HMASS DENSITY = +E15.8¢19X
Sr22HREFERENCE FREQUENCY = »EL15+5¢//93Xe17THYOUNGS MODULUS = ¢1PELS,
US»7Xe 17THPOISSONS RATIO = +E15¢5¢//793Xe34HNUMBER OF AXIAL VARIATION
5 TERMS = »15:10Xr3SHNUMBER OF RADIAL VARIATION TERMS = »I5¢//03X02
62HCONSTANT THRUST: TO = »1PELS.5¢3X+6HGAM = 1E15.5¢3X9221HCAPITAL ©
TMEGA»COMG = 1E15e5¢//703X128HOELTA CAPITAL OMEGA,DCOMG = +E15.503X»
824HCONTROL CONSTANT KiCK = (E1545¢//)

PI=3.141592654 -

L=H/R

S=T/H

U=RHO*H*H*W*W/E

CALL NAFREQ (LeSeUrVeWePIeMIN/OMG)

WRITE (60105)

FORMAT (20X 41HTABLE OF NATURAL FREQUENCIES: RAD PER SEC¢//sUXr2HJ
Lo o4Xo2HK» 18X GHOMEGA (1) 911XeSHOMEGA (2)210XeGHOMEGA (3)0//)

FORMAT (215+3E20.877)

DO 6 J=1oM

DO 6 K=1+¢N

Jisde]l

KiSKe] y,

WRITE (6¢106) J1+K1lr (OMG(JeKeI) e IZ103)

RM=2 ¢ %H*2 s *P I xR xT*RHO .

RIZRMx ( s S*R*R++333%H*H) %386,

CALL UNST1 (PI»R+HeTOICK/RIIGAM, OMGonN)

CALL UNST2 (PI+ReHrTO/OMGIMINIEPT)

CALL UNST3 (PI+ReHsTOrCKsRIVGAM,OMGIMIN)
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CALL UNSTY
CALL UNSTS
CALL UNSTe6
CALL UNST?
CALL UNSTS8
CALL UNSTS

(PI+RsHe TOWCKIRIIGAM,OMGoMeN)
(PI+ReHeTOrCKeRIGAN,0MGIMIN)
(PI/ReHrTOrCKyRIIGAM,OMGMoN)
(PLIrReHoTOPCKeRIVGAM,OMGsMeN)
(PIrRoH»TO»CKrRIIGAM,)OMG»MoN)
(PILsReHeTOP»CKeRIIGAM,OMGeMeN)

CALL UNST10(PI+RrHeTOrCKIRIVGAM,OMG/MsIN)
CALL UNSTIL1(PI+ReHeTOrCKsRIIGAM)OMGIMsN)
CALL UNST12(PI+R»HrTO»CKeRI»GAM,OMG/MrN)
CALL UNST13(PIsReHrTOrONMGIMINIEST)

GO TO 2
END
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@I FOR NAFDEGQ

aoo0n

100

102
103

104

105
106

COMMON/DOG/ZL eSS U VeWePT s MaNIOMG(20,2003) »ReH»TO,CK/RI»GAM
NASA CONTRACT NAS8=11255 (LONGITUDINAL VIBRATION RESEARCH)
FORTRAN 1V COMPUTER PROGRAM FOR THE EVALUATION OF NATURAL

FREQUENCIES (OMG) AND UNSTABLE VALUES OF THE THRUST FREQUENCY

(COMG) FOR A SIMPLY=SUPPORTED,» CIRCULAR CYLINDRICAL SHELL.

REAL L

WRITE (60100)

FORMAT(1H1+,20Xs»31HLEGEND OF TERMS USED IN PROGRAM://91SX+30HH ==-=
1HALF LENGTH OF CYLINDER¢/¢5Xe25HR ==== RADIUS OF CYLINDER+/»5X+»33H
2T THICKNESS OF CYLINDER WALLs/¢5X»40HRHO =~ MASS DENSITY OF C
SYLINDER MATERIAL ¢/ ¢5X938HE ==== YOUNGS MODULUS FOR THE MATERIAL+/»
4S5X+21HV ===« POISSONS RATIO»/+5X+26HW ===- REFERENCE FREQUENCY¢/ 5
5X9»38HM ===~ NUMBER OF AXIAL VARIATION TERMS¢/+5X+39HN ===~- NUMBER
60F RADIAL VARIATION TERMS»/s5X230HJsK == SUBSCRIPTS OF THE ARRAY(/
715X 1 34HOMG(JeKel) === NATURAL FREQUENCY 1/9/+5Xs»34HOMG(JrKs2) === N

. BATURAL FREQUENCY 2¢/+5X,34HONMG(JsKe3) === NATURAL FREQUENCY 3¢/,5X

9r28HTO === CONSTANT THRUST FURCE¢/¢5X»38HGAM == VARIABLE THRUST/CO
INSTANT THRUST ¢/ +5X+48HCOMG == CAPITAL OMEGA» INSTABLE SEARCH FREQU
2ENCY »/¢5X¢3SHDCOMG == DELTA CAPITAL OMEGA,» INCREMENT»/ 95X ¢e20HCK==C
JONTROL CONSTANT)

READ (50102) H/ReT/RHOYE PV

FORMAT (6F10.5)

READ (5¢103) MiNeTOrGAM,COMG/DCOMG P CK

FORMAT (2I5+5E10.5)
WZ22,373286*SQRT(E*R*%2,0/ (2,0%RHO) 1/ (4, 0%H**240)

WRITE (60104) HyRIT/RHO,WiE Ve MyNrTOrGANMCOMG»DCOMG,CK
FORMAT(1H1+10X»62HUNSTABLE VALUES OF THE THRUST FREQUENCY(COMG) FOQ
IR THE CYLINCER¢//¢3X014HHALF LENGTH = ¢3PE15+5010X»9HRADIUS = ¢ 3PE
21559 10X 12HTHICKNESS = ¢1PELSe50¢//¢3X015HMASS DENSITY = rE15.8,9X
3+ 22HREFERENCE FREGQUENCY = 2E1545¢//723Xr 17THYOUNGS MODULUS = »1PELS,
45,7Xe 17THPOISSONS RATIO O rEL1545¢//793X»34HNUMBER OF AXIAL VARIATION
5 TERMS = ¢I9¢10X%X»39HNUMBER OF RADIAL VARIATION TERMS = ¢v1I5¢//703X92
62HCONSTANT THRUSTe TO = +1PELS«S5¢3X26HGAM = 1E15.5¢3X221HCAPITAL O
TMEGA+CONMG = 1E1Se¢95¢/7:¢3Xe28HUELTA CAPITAL OMEGA,DCOMG = 1EL1S.5¢3X
824HCONTROL CONSTANT KyCK = »E15.5¢7/)

P1=3,141592654

L=H/R

S=T/H

UZRHO*H*H*W*W/E

CALL NAFREQ (LeSeUrVe W PIeMeNeOMG)

WRITE (6¢105)

FORMAT (20X+41HTABLE OF NATURAL FREQUENCIES: RAD PER SECe//24Xe2HJ
Lerd4Xe2HK» 18X OHOMEGA (1) 911Xr9HOMEGA (2) 10XeSHOMEGA (3)e//)
FORMAT (215¢3E20487/7)

DO 6 JU=1M

DO 6 K<1'N

JiSde]

K1=K=1

WRITE (60106) JHKlo(OMG(J'K I)eI=1+3)
RMZ2 ¢ ¥H*2 o *P I kR % T*RHO
RIZRM%( ¢ S*R*R+ ¢ 33I3*HXH) 386,

CALL CHAIN (2)

END
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I .

[N ¢

14
13
101

FOR NAFREGQG

NASA CONTRACT NAS8-11255 (LONGITUDINAL VIBRATION RESEARCH)
SUBRQUTINE FOR THE EVALUATION OF NATURAL FREQUENCIES(OMG) .
SUBROUTINE CALCULATES 10 VALUES OF OMG(0rKeI)s 20 VALUES OF
OMG(J»OerI)s» AND 300 VALUES OF ONMG(JeKeI)
SUBROUTINE NAFREQ (Le¢SeUrVewiPIsMeNIsOMG)
DIMENSION A{3¢3)+ROOTR(3)ROUTI(3)OMG(20+20+3)
REAL L

UlZUx(l.=VxV)

0O 1 J=1leM

0O 1 K=1!N

DO 1 I=1+3

OMG(JrKeI)=000

DO 2 J=1leM

D0 2 K=1/N

Jl1zJd=]

KlsK=1

FUsJl

FKEK]1

IF(J=1)3¢3r4

IF{K=1)2¢2+5
OMG(JeKrL)SL*FKxW/SQART (24 ¥Ux(] +V))

GO T0 2

IF(K=1)16¢60¢7

AClrl)=e25%(PIXFJ)%xx2/U1

Al(l,2)=45%VxLxFJxPI/UL

Al(2¢1)=A(1:2)
Al292)=(L*L+S*Sx(FJU*PI)*x*x4/192,) /Ul

CALL HESSEN(Ar2)

CALL GREIG(Ar2+,ROOTR,ROQTI0)

DO 8 I=1+2

IF(ROOTI(I))9¢10,9

IF(ROQTR(I))9,11,11

WRITE (6+100)JeKeIoeROOTR(I)IROQTI(I)

FORMAT (23HOROOT IS NOT ACCEPTABLE 315+2E15.8)
GO T0 8

OMG(JeKeI)zwxSQRT(ABS(ROOTR(I1)))

CONTINUE

60 T0 2
ALlrl)=e25%((PI*FJ)*¥¥242 4% (1e=V)k(LXFK)%x%2) /Ul
Alli2) == 25*%FJURFK*PI*Lx(144V) /UL
A(lr3)=eSxVEL*PIXFJ/UL

A(2¢1)=A(1¢2) ’
A(2912)12¢125%((1emV)Rk(FUxPI)®x%24+8, % (L*FK) *%2) /Ul
A(2+13) = =l.*xLxLxFK/Ul

A(391)=A(1,3)

A(3,2)=A(2+3)
AC3s3)=(12exLaL+SkSk{(,SHkFJIRPI) kn2+L*L*¥FKXFK) %%2)/(12+%Ul)
CALL HESSEN(A:3) /
CALL QREIG(A+3+RO0OTR+RQOTI0)

DO 12 I=1+3 g

IF(ROQTI(IN)13+14+13

IF(ROQOTR(I))13,15r15

WRITE (6¢101)JeKsIoROOTR(I)/ROQTI(I)

FORMAT (23HORO0T IS NOT ACCEPTABLE(315+,2E15,8)
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15
12

GO 70 12

OMG (J+K» I)SW*SQRT(ABS(ROOTR(1)))
CONTINUE

CONT INUE

RETURN

END

41



@I  FOR HESSEN

C SUBROUTINE TO PUT MATRIX IN UPPER HESSENBERG FORM,
SUBROUTINE HESSEN(A)M)
DIMENSION A(3+3), B(2)
DOUBLE PRECISION SUM
IF (M = 2) 30,30032

32 DO 40 LC = 3oM

NaM=LC + 3

Nl = N=1
Ne = N=-2
NI = N1

DIV = ABS(A(N/N=1))
DO 2 J = 1¢N2 ’
IF(ABS(AINsJ) )= DIV) 29201
1 NI = J
DIV = ABS(A(N:J))
CONTINUE
IF(DIV) 30403
IFINI = N1) 4¢ 704
DO 5 4 = 1N
DIV = ACJeND)
A(JeNI) = A(JrN1)
5 A(JrN1) = DIV
DO 6 V= 1M
DIV = AINI»J)
AINIrJ) = A(N1sJ)
6 A(N1l.J) = DIV
7 DO 26 K = 1¢ N1
26 B(K) = A(N/K)/A(NIN=1)
DO 45 J = 1M
SUM:0.0
IF (J = N1) 46+43,43
46 IF(B(J)) H1lr43941
41 A(NsJ) = 0.0
00 42 K = 1¢N1
AlKed) = A(Ked) = A(KyNL)*B(V)
42 SUM = SUM + A(K,J)*B(K)
GO TO 45
43 DO 44 K = 1¢N1
by SUM = SUM + AlK,J)*B(K)
45 A(N1l+J) = SUM
40 CONTINUE
30 RETURN
END

LG N

42



[ 4 .
Wl- FOR QREIG
C PROGRAM TO CALL QR TRANSFORMATION., MAXIMUM ITER IS 50,
SUBROUTINE GREIG(A+MrROOTRYROOTI»IPRNT)
DIMENSION A(3¢3)ROOTR(3)ROOTI(I)
N = M
IF(IPRNT) 80081¢80
80 WRITE (6,104)
81 ZERO = 0.0

17 IF (N=2) 13r14r12
13 IF(IPRNT) 82+83+82
82 WRITE (60105)A(1,1)
83 ROOTR(1) = A(lel)
ROGTI(1) = Q.0
1 RETURN
14 J\J:-l
12 X = (A(N=1/N—1) = A(NIN))%%2
S S 4 0*xA(NIN=L)*%A(N=1¢N)
ITER = ITER + 1
IF(ABS(S/X) 6T+ 1.0E=8) GO TO 15
16 IF(ABS(A(N=1/N=1))=ABS(A(NIN))) 32¢32¢31
31 E = A(N=1sN~1)

G = A(N/N)
GO TO 33
32 G = A(N=1sNel)
E = A(Ne/N)
33 F = 0,
H = 0.
GO TO 24
15 S = x + S
X = A(N=1/N=1) + A(NeN)
IF(S) 18+19/,19
19 SG=SQRT(S)
F=0,0
H=0,0

IF (X) 21s21022

21 E=(X=5GQ) /2.0
G=(X+SG)/7240
GO TO 24

22 Gz (X=5Q) /2.0 Ve
E=S(X+5SQ1/7240 :
GO TO 24

18 F = SGRT(=S)/2.0

E=X/2,0
G=E
H==F
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24
70

28
84

85

26
29
86
87

50
62
63
o4
66
88

67
89

700
701

51
93

S4

52
S5

601

60

104
1

IF(Jy) 28¢70¢70

D = 1.0E~10*%(ABS(G) + F)
IF(ABS(A(N=1/N=2)) GT, D) GO TO 26
IF(IPRNT) 84.85¢84

WRITE (6¢105)EsFe ITER

WRITE (6+,105)GeH

ROOTR(N) =
ROCTI(N) =
ROCTR(N=1)
ROOTI(N=1)
N=N=2
IF(JJ) 101774177

IF(ABSC(A(NIN=1)) «GTe 1,0E-10%xABS(A(NIN))) GO TO 50

6
H

nHaymm

IF(IPRNT) 868786

WRITE (60105)A(NeN)» ZEROr ITER

ROOTR(N) = A(N#N)

ROOTI(N) = 040

N=N=1

GO TO 177

IF (ABS (ABS (XNN/A(N/N=1))=1+0)=1,0E=6) 63¢63162

IF (ABS (ABS(XN2/A(N=1+/N=2))=1.0)=1,0E=6) 636301700

VE=ABS(A(NIN=1) ) =ABS(A(N=1¢N=2))

IF(VQ) 67167166
IF(IPRNT) &8+85+88
WRITE (60107)A{N=1eN=2)
GO TO 84

IF(IPRNT) §9¢87+89

WRITE (62107)A(N/N=1)

GO TO 86

IFC(ITER «GT. 50) GO TO 63

Z1= ((E~AA) %x*2+ (F=B)x%2) / (EXE+F*F)
Z2= ((G=C)**2+ (H=DD) **2)/ (6¥G+H*H)

IF(Z21=-0.25) 51,51¢52

IF(22~0.29) 53¢53¢54

R-E*G=F*H
SIGZE+G
60 T0O 60
R=Ex*E
SIG=E+E
GO TO 60

IF(Z22-0+,25) 551550601

R=06G*G

SIG=G+6

GO 70 60

R = 0.0

SIG = 0.0
XNN=A(NeN=1)
XN2=ZA(N=1rN=2)
CALL QRT(A/N*R»SIGeD)
AA=E

B=F

C=6

DD=H

GO TO 12

FORMAT(////1X¢ SHREAL PART 6X 14HIMAGINARY PART. 26X

13HTAKEN AS ZERO 6X 4HITER //)

44



105 FORMAT(1X/E15.8+3X+E15.8¢ 42X 13)
187 FORMAT(56X E13.8)

END
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60

11

12
10

14
13
15

16

17
18
19

22
23

24

25
26
28

29
27

31

32
33

34

FOR QRT

SUBROUTINE GQRT(ANeR¢SIGD)
DIMENSION A(3¢3)r PSI(3)y G(3)

Nl = N =}
IAN= N =2
Ip = IA

IF(N=3) 101,10+60.

00 12 ¥ = 3/N1

Jl1 = N = J

IF(ABS(A(J1+1,J1))=D) 10,10,11

IFCABS(AGJLI+1rJL) *A(J142,J1+1) % (ABS(A(JL+], d1+1)+A(d1+2rd1+2)

1-SI1G)+ABS(A(JLI+3¢J1+2)) )/ (A(Ul+1sJd1+1)x(A(UL+10J1+1)=SIG)+A( J
21+1,J1+2)*A(J1+2+,J1+1)4R))=D) 10010412

IP=Jl

DO 14 J=1,1P

J1ZIp=d+l

IF (ABS(A(J1+1/9J1))=D) 13/13014
16=J}

00 100 I=IP,N1

CIF(I=1IP) 16¢15r16

G(L)ZAUIP IP)*(ACIP/IP)=SIG)+A(IP s IP+1)*A(IP+1¢IP)+R
6(2)=A(IP+1,IP)*(A(IP»IP)+A(IP+1¢IP+1)=SIG)
G(3)=A(IP+1,/IP)*A(IP+2/,IP+1)

ALIP+2¢IP)Z040

60 TO 19

G(1)=A(IrI=1)

G(2)=A(I+1sI=1)

IF(I=IA)  17+17,18

G(3)=A(I+2+1=1)

GO TO 19

G(3)50.0

XK = SIGN(SGRT(G(1)*%2 + G(2)%%2 + G(3)*%x2)y G(1))
IF(XK)  23+24+23

ALZG(1)/XK+140

PSI(1)36(2)/(G(1)+XK)

PSI(2)1=6(3)/(G(1)+XK)

G0 TO 25

AL=2,0

PSI(1)=0.0

PS1(2)=0.0

IF(I~1G) 26127126

IF(I-IP) 29128029
A(LsI=1)==A(1sI=1)
GO TO 27
ACLsI=1)==XK

DO 30 J=IWN

IF(I=IA) 31¢31,32

CoPSI(2)*A(I+20J)

GO TO 33 Y
C=0.0

E=AL* (AT J)+PSI(L)*A(I+1,J)+C)
A(IrJ)ISA(Ied)=E

A(I+1,J)SA(I+19J)=PSI(1)+*E

IF(I=1A) 3434+ 30

A(I+2.d);A(I+2fd)-PSI(2)*E
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30
35

36
37

38

39
41

42
40

43

100
101

CONTINUE

IF(I=1A) 35135036

L=]+2

GO 70 37

L=N

DO 4y J=IGeL

IF(I-IA) 38¢38/+39
C=PSI(2)*A(Jel+2)

GO TO 41

C=0.,0
EAL*(A(Jr 1) +PST(1)xA(U,I+1)+C)
AlJrI)SA(Ur ) =E
A(JrI+1)ZA(UrI+1)=PSI(1)%*E
IF(I=TA) 42:42,40 .
ACJr I+2)1SA(UrI+2)=PLT{2) %E
CONTINUE

IF(I=N+3) 43+43+100
EZAL*PSI(2)*%A(I+3,]1+2)
A(I+391)z==E
ACL+3,I41)2«PSTI(1)%E
ACI+30142)3A(I+32142)=PSI(2)%E
CONTINUE

RETURN

END

L7



101

102
103
104
105

39

30
31
300

32

4
325
33

36

FOR UNST1

SUBROUTINE FOR UNSTABLE VALUES OF THRUST FREQUENCY, EQUATION (10.2
1=6)

NASA CONTRACT NAS8~11255 (LONGITUDINAL VIBRATION RESEARCH)

CONSIDERATICN OF THREE (3) CASES: INVOLVING 30 VALUES.,

SUBROUTINE UNST1(PIsRrHsTOrCKIRI+GAMIOMGIM#N)

DIMENSIGON OMG(20¢20+3)»COMG(20¢20+3)¢A(20+20+3),8(20020,3),DELO(20
1120+3)¢C(20020¢3)¢D(20020¢3)¢F(20020¢3) BETA(20+20¢3)BETAL12(20,20
2'3)FLUL) o X(4)

DO 1 uz=l1eM

DO 1 K=1¢N

DO 1 I=1+3

COMG(JrKe1)=0,0

CONTINUE

FORMAT (20X¢80HTABLE OF UNSTABLE VALUES OF THE THRUST FREQUENCY FO
1R EQUATION (82), RAD PER SECee//v4Xs2HJ, o 4X02HK, »8X»10HCOMEGA (1)
2//)

FORMAT (215, 1lE20.87/7)

FORMAT (20X 33HFIRST CASEs» LOWER CASE M EQUAL 1l.¢/7/)

FORMAT (20X e 34HSECOND CASEs LOWER CASE M EQUAL 2.¢/7/)

FORMAT (20X¢3I3HTHIRD CASEs LOWER CASE M EQUAL 3,¢7/)

DO 2 uz=lrl

00 2 K=1/N

D0 2 I=1/1

START:l 2

START1=1,

X{L)ISSTART*(OMG(JrKeI))

00 3 L=1.2

ACJrK e I)Z(8 o *P T R*¥HXTOXCK ) /(RI®X (L) %X{L))

BlJrKs1)=.5*%PI*SQRT(A{JIKeI))

IF(A(JIKe ) =1, )30031930

C2=2.%%28

IF(B(J!K'I)*C2)300'301'301

DELO(UrKrI)=1lo+(PI*PIXGAM*GAM) /64,

GO TO 32

DELO(UrKrI)Z1l e+ ((PIR(ACJrK L) *%(36/20))%GAM*GAM) / (16e%(1le=(A(JrIKo1
L)Y/ TAN(B(JrKe 1))

ClUrK 1 I1)=SGRT(ABS(DELO(JrKrI)))

DUOJrKpL)=(C(JrKy 1)) *(SIN(B(JeKs1)))

IF(ABS(D(JrKeI))=1e)33¢33¢34

START=START=e1

IF{START 13251325/, 35

C.o 3{JrKrI1)=e33333333

Gu V0 2001

FUJrKe D)ZASIN(D(JrKeI))

BETA(UrKeI)=(24/P1)*(F(JsK 1))

BETAL12(UrKe 1) =S¥ (BETA(JrKe1))

FL(L)S(OMG(JrKeI) )/ (1=BETALZ2(JrKeI))

X{L+1)=F1(L)

X(3)—(X(1)*F1(2)"X(2)*Fl(l))/(X(l)-Fl(l)-X(2)+F1(2))

AldJy Ko1)a(So*PI*R*H*TO*CK)/(RI*X(3)*X(3))

BIJrKr1)Z S5*%PIxSART(ACJIKPI))

IF(A(UrKrI)=1a)36037¢36

C2=2.%%28 )

IF(B(JrKe1I)=C2)360,401,401
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37
360

38

39

3390
392

393

394
395

201
330

331
332
301

401

201
2001

DELO(JrKeI)=1l e+ (PI¥PIXGAM®GAN) /64,
GO 10 38

DELO(UrKr 1) =l o+ ((PIR(A(JrKoI)**(36/24) ) %GAM¥GAM)/(16e% (Lo=(A(JrKrI
1)) ) /TAN(B(JeK 1))

C(JsKrI)=SORT (ABSIDELO(JrKe1)))
D(JrKs IIZ(C(JrK, 1)) (SIN(B(JoKrI)))
IF(ABS(D(JrKeI))=14)39,39/6
F(JoKoI)ZASIN(D(JeKs 1))
BETA(JrKeI)Z(24/PIVX(F(JrKel))
BETAL2(JrKs1)Z45% (BETACJIKeI))
F1(3)=(OMG(JrKsI))/(1e=BETAL2(JrK»I))
D1=X(3)=F1(3)

IF (ABS(X(3))=1000,) 390,354,354

IF(ABS(X(3))=100¢)392+3939393

Cl=,001

GO TO 395

Cl=.01

GO 70 395

Cl=.1
IF(ABS(D1)=Cl1)5+526

- X(1)=x(2)
F1(1)=F1(2)

X(2)=Xx(3)

F1(2)=F1(3)

START1I=START1+1.
IF(START1=1000.)4+,4,201

ACJrKeIIZ (8o *xPI*R*¥H*TOXCK) /(RI*X(3)%X(3))
IF(A(JUrKeI)=1,0)330+501,501
BOJrKeI)=(B8e*PIxR*¥HXTOXCK)/(RI)
ClJrKyI)=SART(B(JrKeI))

C35.01

IF (ABS(C(UrKeI)=X(3))=C3)3310331+332
COMG(JUrKrI)=.88888888

GO TO 2001

COMG(uUrKrI)=ell1lllll

GO TO 2001

COMG(ueKr1)=e77777777

GO TQ 2001

COMG(JrKrI)=+4$99999G69

GO TO 2001

COMG(JrKrI)=ABS(X(3))
IF(A(JrKrI)=14)2001+501,501
COMG(JIKeI)=e66666666

CONTINVE

CONTINUE

WRITE(6,101)

WRITE(6,103)

DO 7 u=1,1

DO 7 K=1!N

Vizsde=)

K1lzK=] ‘

WRITE (60102) J1eK1e(COMG(JrK»I)eI=1r1)
CONTINUE :
DO 8 J=1r1l

00 8 K=1¢N

DO 8 I=1.1



START=1.2
. START1=1.

45 X{l)= START*(ONG(J KeI))

00 9 L=1.2
AlJrKeI)=(8e*PIxR*XHXTOxCK) /{RI*X (L) %X (L))
BJrKr 1) = 5%PI4SCRT(A(UrKeI))
IFCACUIKeI)=1la 400481040

40 C2z2,.%*28 ‘
IF(B(JrKr»i)=C2)400,302,302

41 DELO(uWeKeI)Z1le+(PIXPI*GAMXGAN) /64,

GO T0 42
400 DELO(UrKrI)=let ((PIx(A(JIKoI)*%(3¢/24¢) ) %GAMRGAM)/(16e*(le=(A(JrKr]
1))INI/TAN(B(JrKS 1))

42 ClJrKr I)=SQRT(ABS(DELO(JIK»I)))
DlJrKeI)S(C(UrKy D) IR (SIN(B(UIKPI)))
IF(ABS(D(JrKeI))=1s)U430U43e 44

44 START=START=.1
IF(START)I425¢425+145

425 COMG(UrKrI)=e33333333
GO TO 2002

43 FOJrKeI)ZPI=ASIN(D(JrKeI))
BETA(JUIK D)o (2 /PI)X(F(JeKeIl))
BETAL2(JrKr 1)Z 5% (BETA(JrKe 1))
FI{L)S(OMG(JrKeI))/(BETAL2(JrKsI))

9 X{L+1)=F1 (L)

10 X(3)=(X(1)*FL1{2)=X(2)*F1(1))/(X(1)=Fl(l)=X(2)+F1(2))
A{JrKrII=(B8e*PI*R*H*TOXCK) / (RI*X(3)%xX(3))
BlJrKeI)=oeS*PI*SQRT(A(JrKe 1))
IFCA(UIKeI)=10)U46047 046

- 46 C2=2,.,%x%28
IF{B(JeKe I)-CZ)QﬁorQOZrQOZ

47 DELO(JrKe 1)zl e+ (PI*PI*GAMXGAM) /64
GO TO 48

460 DELO(JrKrI)=1le+ ((PI®(A(JIKeI)®x%(36/2¢))%GAM*GAM) /(1He*x(Lle=(A(JrKr ]

1IN )I/TAN(B(JPK, 1))

48 ClJrKy»II=SQRT(ABS(DELO(J/Ke1)))
DUJeKeI)=(C(JrK, 1)) R (SIN(B(JrK2I)))
IF(ABS(D(JrKe1))=1e)49,u49,12

49 FIJrKeI)ZPI=ASIN(D(JIK»I))
BETA(JrKeI)=(2./P1)*x(F(JrKo1))
BETAL2(JrKe 1) =S5 (BETA(JrK 1))
F1(3)=(OMG(UrKs 1) I/(BETALZ2(J1K» 1))
D1=X(3)=F1(3)
IF(ABS(X(3))~1000.)490 494494

490 IF(ABSIX(3))=1004)492¢493,493

492 Ci=.001

GO TO 495
493  Clz,.01
60 TO 495 |
494  Clz,1 v

495  IF(ABS(D1)=C1)11,11,12
12 X(1)=x42)
F1(1)=F1(2)
X(2)=X(3)
F1(2)=F1(3) _
STARTL=START1+1,

50



LIF(START1-1000.)100,10,202

202 . A(JrKsI)I=(8¢*PIxR*H*TOXCK)/ (RI%®X(3)%X(3))

’ IF(A(UrKeI)=1,0)430,502,502

430 BJiKr 1) (8¢ *PIxR¥H*TO%CK)/ (R])

ClJrKr I)ZSART(B(JrKeI))
C3=,01
IF(ABSIC(JrKrI)=X(3))=C3)431+4310432

431 COMG(WrKeI)=.88588888
GO TO 2002

432 COMG(JrKrI)=ell111111
GO0 TO 2002

302 COMG(JrK2I)=e 77777777
60 TO 2002

4g2 COMG(JrKr1)=4e999659999
GO TO 2002

11 COMG(JrKeI)=ABS(X(3))
IF(A(JrKeI)=1,)2002¢502,502

502 COMG(UrKrI)=e66666666

2002 CONTINUE

8 CONTINUE
WRITE(60101)

WRITE(6r104)

DO 13 J=1,1

DO 13 K=1¢N

J1sJd=}

K1SK=} .
WRITE (60102) J1/K1le(COMG(JeKeI)rI=101)

13 CONTINUE
DO 14 J=1.1
DO 14 K=1#N
00 14 I=1.1
START=.1
START1=1,

55 X(L)=START*(OMG(JeKeI))

00 15 L=1.2
ACJrKeI)=(B8e*¥PIkR*H*TOXCK) Z/ (RI*X(L)%X{L))
B(JsKe I)ZS*PI*SQRT(A(UIKe 1))
IFCA(JrKeI)=14)50¢51¢50

50 C2z=2,%*28
IF(B(JrKeI1)=~C2)500+303,303

51 DELO(JrKeI)Z1le+(PI*PI*GAM*GAM) /64
G0 TO 52

500 DELO(UPK»I)SLle+ ((PI®(A(JrKoI)®k%x(34/20 ))*GAM*GAM)/(160*(1o'(A(d'KOI

I))))/TAN(B(JrK, 1))

52 ClJrKe II=SQRT(ABS(DELO(UIK1)))
DUJsKyIIZ=(ClJrK, 1)) R(SIN(B(JIKPI)))
IF(ABS(D(JrKeI))=1+)53+53¢54

54  START=START+.1
IF(START=1.0)55,55¢525

525 COMG(JUrKeI)=433333333 . /
GO TO 2003 .

53 FIJrKosIIZASINID(JrKe 1)) -
BETA(U'KrI)=(2e/PI)*{(F(JsKeI))
BETAL12(JrKe1)=e5%x(BETA(JIKeI))
FI(L)S(OMG(JrKeI))/(1,4+BETAL2(JeKeI))

15 X{L+l)=F1(L)
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16 x‘3):(X(l)*Fl(2)-X(2)*Fl(l))/(X(l)-Fl(l)-X(2)+Fl(2))
T ALK IIZ (B e *PI*R*¥HXTO*CK) / (RI*X(3) %X (3))
BlUrKoI)Zo5%PI*SQRT(A(JIK» 1))
IF(A(JIKII)=14)56+57+56

- 56 C2z2,%%28
IF(B(JrKeI)=C2)5600403,403

S7 DELO{wiKrI)Z1le4(PI*PI*GAM*GAN) /64,

GO TO S8
560 DELO(JoKvI):l.*((PI*(A(deOI)**(3-/2o))*GAM!GAM)/(IG-*(I.-(A(J'K'1
_ 1)) N/TAN(B(JeKN 1))

58 ClUrKsI)ZSQRT(ABSIDEL Y (JsK e 1))
DUOJrKpIIZHCAUIK 1))k 3IN(B(JIKI)))
IF(ABS(D(JIK»I))I=14)59,59,18

59 FAJr Koy IIZASIN(D(JoKo 1))
BETA(UWIK )2, /PT)I*(F (UKo 1))
BETAL2(JrKoI1)Z 5% (BETA(JIKe 1))
F1(3)=(OMG(JsKsI))I/(14BETAL2(UrKsI))
D1=X(3)=F1(3)
IF(ABS(X(3)1+~1000.)590+594+594

590 IF (ABS(X(3))~100.)5%92+593,593

592 Cl1=.001

GO 70 585
593 Cl=,01

GO0 TO 595
o594 Cl=,1

595  IF(ABS(D1)~C1)17,17,18
18 X(1)=x(2)
F1(1)=F1(2)
X(2)=X(3)
F1(2)=F1(3)
START1SSTART1+1,
IF(START1-100.)16+16+,203
203 A(JrKoI)Z(B*PIxR*H*¥TOXCK) / (RI*X(3) %X (3))
IFCA(UIKII)=1,0)530+503,503
530  B(UsKsI)=(8+*PIkR*H*TO%*CK) 7/ (RI)
C{JrKr I)ZSGRT(B(JrKs 1))
€3z.01
IF(ABS(C(JrK1I)=X(3))=C3)531+531,532
531  COMG(JeKrI1)=.88888888
GO TO 2003
532  COMG(JrKerI)Z.11111111
GO TO 2003
303 COMG(JrKeI1)=477777777
GO TO 2003
403  COMG(JrKrI)=+99999959
GO TO 2003
17 COMG {JsK»I)=ABS(X(3))
IF(A(JrKsI)=14)2003+503,503
503 COMG(JrKs1I)=+66666666

2003 CONTINUE 7
14 CONTINUE

WRITE(6,101) -

WRITE(6,1095)

00 19 J=1.1

DO 19 K=1,N
Jisd=1

ra



19

K1SK=}

WRITE (60102)
CONTINUE
RETURN

END

J1eKle (COMOB(JrneI) pIz=1el)
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Wl FOR UNSTZ2

€ SUBROUTINE FOR UNSTABLE VALUES OF THRUST FREQUENCYr EQUATION (10.2
1-8)
- C NASA CONTRACT NAS8-~11255 (LONGITUDINAL VIBRATION RESEARCH)
C CONSIDERATION OF THREE (33) CASES» INVOLVING 363 VALUES,

SUBROQUTINE UNST2 (PIeRAWHeTOIONMGyMIN'EPTI)
DIMENSION ALPH(Q)oX(u)uF1(4)00M6(2002003)oCOMG(363)'BETT(Q)

1000 FORMAT(1X,»1E20.8)

10S% FORMAT(4IS8XrAS5//)

104 FORMAT (4I5,1E20.87/)

103 FORMAT (20X+80HTABLE OF UNSTABLE VALUES OF THE THRUST FREQUENCY FO
1R EQUATION (13), RAD PER SEC.!//!“X'ZHJ'03X'2HKpO3X'2HR"3X02H50'8
1X»1O0HCOMEGA (1),/7)

INTEGER T+rReS»S1¢S2¢JKISeZeIUKISFeYeXZPeO
REAL MEY/MEXeMEV/MEWsMEUMEZ
REAL INFIN
DATA INFIN/SHINFIN/
DO &4 J=1r1
DO 4 K=1¢N
DO 4 [=1.1 -
DO ¢ R=1+3
T=95
C4=1,0E+6
S122xT+1
S=1
2 IUKISF=3*S1IxK+3xS1*xI4S1%R+S5=7%S]
JKIS=[JKISF
S=Sw~(T+1)
IF(OMG(JeKe1)=1,0)1G6020+20

20 IF(AgS(S)=4)300,301,302

302 IF(OMG(JIKII)=520,0)17+18¢18

301 IF(OMG{JrK»I)=420.0)17¢18918

300 IF(ABS(S)=2)303,304,305

305 AF (OMG(JrK»1)=320,0)017,18+18

304 IF(OMG(JrK»]1)=220,0)17+18018

303 IF(ABS(S)=1)306,307+300

307 IF(OMG(JrK»]1)=120,0)17,18018

306 IF(OMG(JrKe1)=30.0)1702019201

17 ALPH(R)=0.,07

MEV=TQ

MEU=H

MEW=E

MEX=T]

MEY=RA

DO 8 L=1+2
X(L)=OMG(JeKsI)/ABS(ALPH(R)+FLOAT(S))
MEZ=X (L)

START1=1.0

ME1=0

CALL BEAM (MEV,MEU'MEW,MEX'MEY,MEZ+BETT, OMGZ.MEI MEZ2)
IF(X(L)=2.0%0NG2)12012913

13 CALL SORT (ALPH/,BETT/ME2)

Fl(L)=SOMG(JrK, I)/ABS(ALPH(R)*FLOAT(S))
IF(F1(L)=C4)500,501,501
501 COMG(JKISIZF1(L)
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500 -

‘490
492

493
494
495

10
410

15

902

380
392

393
394
395
11

406

21
401
16
12
19
503
201

18

14

GO TO 14

X{L+1)=F1(L)

CONT INUE
IF(ABS(X(3))=1000,)490r494,4G4
IF(ABS(X(3))=100.)492:493/+/493
Cl=.001

GO TO 495

Cl=.01

GO TO 495

Ci=.]
IF(ABSIX(1)=F1(1)=X(2)+F1(2))=C1)9¢9:10
XE3)=(X(1)*F 1 2)=X{(2)%F1 (1)) /7(X{(1)=Fl(l)=X(2)+F1({2)})
MEZ=X(3)

CALL BEAM (MEV,MEU/MEW,MEXMEY MEZ+BETTOMG2,ME1 ¢ ME2)
IF(X(3)=2.0%0MG2)12r12/+15

CALL SORT (ALPH.BETTeME2)
F1(3)=0OMG(J K»I)/ABS{ALPH(R)+FLOAT(S))
IF(F1(3)=C4)502+503¢503
D1=X(3)=F1(3)
IF(ABS(X(3))=1000.)390,394¢394
IF(ABS(X(3))=100.)392¢3G630393
Cl=,.001

GO TO 395

Cl=.01

G0 TQO 395

Cl=.1

IF(ABS(D1)=C1)9,G,11

X{1)=x(2)

F1(1)=F1(2)

X{2)=X(3)

F1(2)=F1(3)

START1I=START1+1,
IF(START1-5,0)10,10,21

ME1l=MEL1+1

IF(ME1~-10)10,10,16
COMG(JKIS)=,22222222

GO TO 14

COMG(UKIS)=.11111111

GO TO 14

COMG(JKIS)=,00000000

GO TO 14

COMG(JKISI=FL1(3)

GO TO 14

COMG(JKIS)I=10000000,

GO TO 14

COMG(JKIS)I=OMG(JeKe I)/ABS(FLOAT(S))
GO TO 14

COMG (UKISI=X(3)

S=S+(T+2)

IF(S1=S)4s2¢2 V

CONTINUE
WRITE(6,103)
Sl1z2xT+1
Z=1

00 6 J=1rl
D0 6 K=1/N



510

511
38

DO 6 R=1+3

DO 6 g=1.S1

Jlzd=-]

Klz=Ke}l

S2=S=(T+1)
IF(COMG(Z)=CH)I5110511,510
COMG(Z)=INFIN
WRITE(6+105)J1eK1eReS2:,COMG(Q)
60 TO 38 _
WRITE(60104)J1eK1sR»S2,COMG(2)
Z=2+1 .

CONTINUE

RETURN

END
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RI FOR UNST3 :

- C SUBROUTINE FOR UNSTABLE VALUES OF THRUST FREQUENCY» EQUATION (10.2
1-10) |
" C NASA CONTRACT NAS8-11255 (LONGITUDINAL VIBRATION RESEARCH)
c. CONSIDERATION OF ONE (1) CASEs INVOLVING 20 VALUES.

SUBROQUTINE UNST3(PI/RiHoTOrCKoRI»GAMIOMGeMeN)
DIMENSION OMG(20¢20¢3)+COMG(20+20¢3)

101 FORMAT (20X,80HTABLE OF UNSTABLE VALUES OF THE THRUST FREQUENCY FO
1R EQUATION (83)y RAD PER SECer//r4Xe2HJ) o 4X12HK, 18X+ 10HCOMEGA (1)
210X o 10HCOMEGA (2)0/7/)

102 FORMAT (215, 2E20.8/7/)

00 1 Jv=1sM

DO 1 K=1/N

00 1 I=1+3

COMG(WweK2»1)=0,0
1 CONT INUE

DO 2 J=2/M

D0 2 K=1.}

DO 2 .:%e2

COMG(WiKrI)ZOMG(JrKsI)
2 CONTINUE

WRITE (6,101)

DC 3 J=2M

DO 3 K=1+1

JizsJd=]l

KlzK=]

WRITE (60102) J19K1lo (COMG(JIKrI)eI=1e2)

3 CONTINUE

RETURN
END
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B1 FOR UNST4

C SUBROUTINE FOR UNSTABLE VALUES OF THRUST FREQUENCYr EQUATION (10.2
: 1-13)

C NASA CONTRACT NAS8=11255 (LONGITUDINAL VIBRATION RESEARCH)

C CONSIVERATICN OF THREE (3) CASESs INVOLVING 60 VALUES.,

SUBRQUTINE UNST4(PI/RrHsTOrCKeRI+GAMeOMG I MsN)
DIMENSION OMG(20+20¢3)+COMG(20+20¢3)0A(20+20¢3)+B(20020+3)+DELO(20
10120+,3)0C(20,2003)00(2002003)9F(20020+3)BETA(20+2093)F1(l4),X(4)
101 FORMAT (20Xr80HTABLE OF UNSTABLE VALUES OF THE THRUST FREQUENCY FQ
1R EQUATION (86), RAD PER SEC.r//04Xe2HJ, 14X r2HK, »8X»10HCOMEGA (1)
210X+ 1LOHCOMEGA (2)e//)
102 FORMAT (21I5¢ 2E20.8/7)
103 FORMAT (20X s33HFIRST CASEs LOWER CASE M EQUAL 1,.,¢/7)
104 FORMAT (20X¢34HSECOND CASE» LOWER CASE M EQUAL 2.¢//7)
105 FORMAT (20Xs33HTHIRD CASEs LOWER CASE M EQUAL 34¢7/7)
0O 1 J=1oM
DO 1 K=1¢N
DO 1 1=1.3
COMG(JrKeI)=0.0
b CONT INUVE
DO 2 u=2M
DO 2 K=1»1
DO 2 =12
STARTS.1
START1=1.
35 X{1)SSTART*(OMG(JrK¢ 1))
DO 3 L=1.2
AlJeKeIIZ(8e*PIxR*H*TOXCK) /(RI%®X (L) %X(L))
BIJrKyI)Z5%PI*SQRT(A(UsKe 1))
IF(ACUIKrI)=14)30¢31+30
30 C2=2,*%28
IF(B(JrK2I)=C2)300+,301,301
31 DELO(JrKeI)Zl e+ (PI*PIXGAMXGAN) /644
GO To 32
300 DELO(UeK e I) Lo+ ((PI*(A(JIK»I)**(34/2¢) ) *GAM*¥GAM) / (16e*(Le=(A(JrKr I
1)) 1)) /TAN(B(JrK, 1))
32 ClJrKyI)=SQRT(ABS(DELO(J K 1))
DlJrKeII=(C(JrKp 1)) *(SIN(B(JIKeI)))
IF(ABS(D(JeKeI))=14)33033034
34 START=START+e«1
IF(START=1.0)35,35¢325
325 COMG(UrK?1)=e33333333
GO TO 2001
33 FOJrKyI)ZASINID(JrKeI))
BETA(JrKeI)z(2./PI)*(F(JrKoI))
FI1L)=(OMG(JrKy 1))/ (2.=BETA(UrKeI))

3 X(L+1)=F1(L)
4 X(3)S(XCL)*F1(2)=X(2)%FL(1))/{X(1)=F1(1)=X(2)+F1(2))
AlUrKoI)=(8s*¥PIxR¥HXTOXCK) / (RIXX(3)*X(3)) /

BOJr Ko 1) 2, 5%PI*SQRT(A(UIK» 1))
IF(AGJrKeI)=14)36037¢36

36 C2=2.%*28
IF(B(JrKeI)=C2)360,4010401

37 . DELO(JrKeI)S1le+(PI*PI*GAM®GAM) /64
GO TO 38



360 ° DELO(UrKeI)S1le+((PI*(ACJrKoI)*%(34/24))%GAMKGAM)/ (16e*(lo=(A(JrKr 1l
1)) )/TAN(B (UK 1))

38 ClJrKoI)=SAQRT(ABS(DELO(JrK»I)))

’ DlJrKpy II=(C(JoKy D) )% (SIN(B(JeKeI)))
IF(ABS(D(JrKrI))=14)39+,3G16

39 FOJrKe DIZASIN(D(JrKeI))
F1(3)=(OMG(JrKeI))/(2=BETA(JIKsI})
DI=X(3)1=F1(3)
IF(ABS(X(3))=1000.)390,394 354

390 IF(ABS(X(3))=100.)392+3930393

392 C1=,001

GO TO 395
393 Cl=.01
GO0 TO 395
<S94 Cl=.1
395 IF(ABS(D1)=Cl)S5¢5r0
6 X(1)=x(2)
F1(1)=F1(2)
X(2)z=X(3)

Fl(2)=F1(3)
START1=START1+1,
IF(START1=100.)4+40201

201 AlJdrKrI)=(8e¥PIxR¥HXTO*CK) /{RI®X(3)%X(3))
IF(A(JrKeI)=1,0)330,501,501

330 B(JrKeI)=(8s*PIxR*H*TO*CK)/(RI)
ClJrKrI)=SQRT(B(JeKe 1))
C3=,01
IF(ABS(C(JrKrI)=X(3))=C3)331:331,332

331 COMG(JrKr]l)=.88888888

G0 TO 2001

332  COMG(JrKeId=e11111111
GO TO 2001

301 COMG(JiKe1)=e77777777
GO TO 2001

401  COMG(JrKrI)=.99999999
G0 TO 2001

5 COMG (JrKrI)ZABS(X(3))

IF(A(UrKsI)=1,)2001+501,501
501 COMG(JrK11)=.66666666
2001 CONTINUE
2 CONTINUE
WRITE(60,101)
WRITE (6+103)
DO 7 JS2+M
00 7 K=1l1
JisJd=1
Kl1zK«l
WRITE (6¢102) J1+/K1e(COMG(JeKrI)oI=1e2)
7 CONT INUE ,
DO 8 J=2M : e
CO 8 K=1+1 .
CO 8 I=1.2 -
START=.6 '
START1=1,
45 X{1)=START*(OMG(JrKe 1))
DOC 9 L=1ls2
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40
41
400

42

44
425

43

4o
47
460

48

49

490
492

493
494

495
12

202

430

ACJrKeI)= (84 *PT#R*HXTORCK) /Z (RI*X (L) %X (L))
BlJrK»I)ZS*PIXSQGRT(A(JIKe 1))
IFCA(JeKrI)=14)40041040

C2=2,%x%x28

IF(B(JeKeI)=~C2)400,302,302
CELO(JIKeIIZLa+(PIXPI*GAMXGAM) /64 o

GO TO 42

DELO(UeKrI)El o4 ((PIX(A(JIKrI)*%(36/2¢) ) %xGAMRGAM) /(16e%(1e=(A(JrKeI
110)))/TAN(BIJIK, 1))
ClUrKrI)SSQRT(ABS(DELO(JK21)))

DOJrK e DI=(CIJrK e 1)) *(SIN(B(JeKe 1) ))
IF(ABSI{D(UeKeI))=1e)43043044
START=START=«1

IF(STARTIU2501425¢45
COMG(UrKrI)=e33333333

GO TO 2002

FOJrKe I)SPI=ASIN(D(JrK» 1))
BETA(JrKe )= (2 /PL)X*{F(JrKeI))
FLIL)IS(OMG(WrKeI))/(BETA(JIKIL))
X{L+1)=F1(L)
X(3)S(X(L)*FL(2)=X(2)%F1(1))/7({X(1)=Fl(l)=X(2)+F1(2))
A{JrK 1) Z(Be¥PLR*H*TOXCK) /(RI*X(3)%X(3))
BlUsKrI)Z5*%PIX*SART(A(JeKe 1))
IF(A(JIKII)=1a)40047 146

C2=2.*x%28

IF(B(JrKeI)=C2)460,402¢r402

DELO(JrKrI) Sl e+ (PIXPIXGAM*GAM) /64

60 TO 48

DELO(UrK o INZ1le+ ((PIx(A(JIKeI)*%(3, /2.))*GAM*GAM)/(16.*(1.‘(A(JOK!I
D)) y/TAN(B(JeK,I))
ClJrKeI)=SQRT(ABS(DELO(JIKeI)))

DUJrKe IIZ(C(Jr Ky D) I (SIN(B(JeK2I)))
IF(ABS(D(JerKeI))=16)4G,49,12
F(JsKeI)ZPI=ASIN(D(JeKeI))
BETA(JUeKrI)=(2./P1 )% (F(JeKe 1))
F1{3)=2(OMG(UrKrI) )}/ (BETA(JIKeI))
D1=X(3)=F1(3)
IF(ABSIX(3))=1000¢)90 4G4 1494
IF(ABS(X(3))=100,)492,493¢r493

Ciz,.001

GO TO 495

Cl=,01

60 TO 495

Ci=,1

IF(ABS(D1)=Cl)11s11rl12

X{1)=x(2)

F1(1)=sF1(2)

X{(2)=Xx(3)

FL(2)=F1(3)

START1SSTART1+1, v
IF{START1-1000.)100,10,202

AlJdoeKsI)=(8, *PI*R*H*TO*CK)/(RI*X(S)*X(S))
IF(A(JeK 1) =1,0)430+502,502
B(JrKrI)S(84*xPI*R*HXTOX*CK) / (RI)

ClurKoe I)-SGRT(B(J Kel))

C3=,01

60




< IF(ABS(C(JUrKe 1) =X(3))=C3)431,431,432
431 - COMG(JrKrI)=,88888888

GO TO 2002

K32 COMG(UrKeI)z=el1l111111
GO TO 2002

302 COMG(JrKeI)= 77777777
60 TO 2002

402 CONMG(JrKr1)=4695999999
GO T0 2002

11 COMG (UK I)=ABS(X(3))
IF(A(JrK»I)=1,)2002+5029502

502 COMG (UK I)=0666606666

2002 CONTINUE

8 CONTINUE
WRITE (60101)

WRITE (6¢104)

0O 13 J=2/M

DO 13 K=1¢1

Jisde}

K1SK=]

WRITE (60102) J1sK1e(CONMOG(JrnrI)I=102)

13 CONTINUE
00 14 J=2+
DO 14 K=1,1
D0 14 I=l.2
START=.1
START1=1.

55 X{L)=START*(OMG(JrKe 1))

DO 15 L=l.2
AlJrKeI)=(8e¥PIxR*¥H*TO*CK) /Z (RI%xX(L)*X{L))
BlUrKr IS, 5*%PI*SQRT(A(JIKI))
IF(A(UeKrI)=14)50051+50

S0 C2=2.%%28
IF{(B(JrK2I)=C2)500+,303,303

o1 DELO(UrKeI)=1loe+(PI*PI*GAM*GAM) /64,

GO TO 52
500 DELO(UsKr I) Sl e+ ((PI*(A(JrKoI)%x*(34/20) ) %GAMXGAM) / (16e*(1e=(A(JrKr I
D)))Y)/TAN(B(JrKeI)) A

82 C(JUrKrI)=SQRT(ABSIDELO(JPKeI)))
DOUrKyIIS(ClUeKyI) I {SIN(B(JIKy I )
IF(ABS(D(JrKeI))=14)53,53154

54 START=START+.1
IF(START=1.0)55,5501525

525 COMG(UrKII)=433333333
GO TO 2003

83 FOJrKeI)ZASINI(D(JeKeI))
BETA(JrK»I)=(2./P1)*x(F(JrKe 1))
FILL)S(OMG(JrKeI))/(2.+BETA(JIK»I))

15 X{L+1)=F1(L)

16 X{3)= (X)) *F1(2)=X(2)*F1(1))/(X(1)=Fl{1)=X(2)+F1(2))
AlUrKrI)=(B8exPIxR¥HATOXCK) / (RI*X(3)%X(3))
BlJrKrI)=5*%PI%xSQRT(A(JIK 1))
IF(A(JIKrI)=14)56¢57056

56 C2=2,.%%28
IF(B(JrKr1)=C2)560,403,403

57 DELO(UeKrI)S1le+(PI*PIXGAMXGANM) /64,

a1



. GO TO 58
560 DELO(JOK:I):1o+((PI*(A(JOK:I)**(3./Z.))*GAM*GAM)/(160*(lo-(A(JvK'I

’ 11 )/TAN(B(JrK 1))

. 58 ClJrKsI)=SQRT(ABS(DELO(JUIKI)))
DUUrKe I)Z(CUJIK I )X (SIN(B(JIKII)))
IF(ABSID(JIK2I))=1,)59,59,18

59 FOJrKo I)=ASIN(D(UIKe 1))
BETA(J K rI)=(2e/PI)*(F(JsK21))
FL{3)=(OMG(GeKrI))/(24+BETA(GIKII))
D1=X(3)~F1(3)
IF (ABS(X(3))=1000,)5901594 554

590 IF (ABS(X(3))=100.)592¢563+593

592 Cl=,001

GO0 TO 5965
593 Cl=,01

GO 7O 565
594 Cl=,.1

595 IF(ABS(D1)=C1)17+17,18
18 X(1)=x(2)

F1(1)=F1(2)
X(2)=X(3)
F1(2)=F1(3)

STARTLI=START1+1,
IF(START1-100.)16+16+203

203 AlJrKoI)Z(8e*¥PIkR*H*TOXCK) / (RI*X(3)*X(3))
IF(A(JrKeI)=140)530¢503,503

530 BlJrKel)Z(8e*PIXR*H*TO*CK)/ (RI)
ClJrKeI)=SART(B(JeKe 1))
C3=,01
IF(ABS(C(JrKrI)=X(3))=C3)5311531+532

531 COMG(JrKeI)=,88888888

GO TO 20063
532  COMG(JeKeI)=e.11111111
GO TO 2003
303 COMG(JrKeI)2.77777777
GO TO 2003
403  COMG(JrK+1)=+999999G9
. GO TO 2003
17 COMG (JUrK e I1)=ABS(X(3))

IF(A(UrKrI)=14)2003+503,503
503 COMG(JrKr1)=.66666666
2003 CONTINLE
4 CONT INUE

WRITE (6.101)

WRITE (60105)

00 19 J=2/M

0O 19 K=1,1

J1zd=]

KlZKe=l

WRITE (60102) J1+K1y(COMG(JrKeI)pI=1s2) v
19 CONTINUVUE

RETURN

END



.
.BI FOR UNSTS

C SUBROUTINE FOR UNSTABLE VALUES OF THRUST FREQUENCY:, EQUATION (10.2
) 1-16)

C NASA CONTRACT NAS8-11255 (LONGITUDINAL VIBRATION RESEARCH)

C CONSIGERATICN OF 9 CASES (3 INADMISSIBLE), INVOLVING 120 VALUES.

SUBROUTINE UNSTS (PIrReHsTOICKsRIvGAMIONGeMIN)

DIMENSION OMG(20+2003)2CONMG(20+2093)+A(20,200¢3),B(20020+3)»DELO(20
1020+3)¢C(2002003)+0(20¢20¢3)+F(20+20¢3)+BETA(20,20¢3)BETAL2(20+20
2:3)FLL4) o X(4)

101 FORMAT (20X»8UHTABLE OF UNSTABLE VALUES OF THE THRUST FREQUENCY FO
1R EQUATION (85)s RAD PER SECse//084Xe2HJ, o4 X1 2HK, »8Xe 10HCOMEGA (1)
210X, 1QHCOMEGA (2)¢//)

102 FORMAT (215, 2E20.8.7)

103 FORMAT (10X»78HFIRST CASE, LUWER CASE M EQUAL 1, LOWER CASE N EGUA
IL 1s (CASE NOT ACMISSIGLE) «0//7/)

104 FORMAT (10X:56HSECOND CASEr LOWER CASE M EQUAL 2+ LOWER CASE N EQU

1AL 1,/77)

105 FORMAT (10X,5SHTHIRD CASE,» LGWER CASE M EQuUAL 3» LOLER CASE N EGUA
iL 1./7)

106 FORMAT (10X+56HFOURTH CASEs LOWER CASE M EQUAL 1+ LOWZR CASE N E£QuU
1AL 2,/77)

107 FORMAT (10X»78HFIFTH CASEs» LUWER CASE M EQUAL 2y LOWER CASE N EQUA
1L 2, (CASE NOT ADMISSIBLE) e0///)
108 FORMAT (10X+,SSHSIXTH CASEr LOWER CASE M EQUAL 3, LOWER CASE N EQUA

1L 2¢v/7)

109 FORMAT (10XyS57HSEVENTH CASEs LOWER CASE M EQUAL 1, LOWER CASE N EQ
LUAL 3+77)

110 FORMAT (10X+56HEIGHTH CASE+ LOWER CASE M EQUAL 2+ LOWER CASE N EQU
1AL 3.77)

111 FORMAT (10X,78HNINTH CASEs LOWER CASE M EGUAL 3y LOWER CASE N EGUA
1L 3+, (CASE NOT ADMISSIBLE)«¢/77)
00 1 JU=1leM
DO 1 K=1»N
00 1 I=1,3
COMG(JrKeI)=0a.0
1 CONTINUE
D0 2 u=2M
DO 2 K=11
DO 2 1=1:2
COMG(JrKeI)ZOMG(JrK2I)
2 CONTINUE
WRITE (6¢101)
WRITE (60103)
WRITE (60101)
WRITE (6¢104)
DO 3 J=2M
DO 3 K=lr1
Jizsdel
KlzK=1 7
WRITE (60102) J1vK1lo (COMG(JIK»I)I=102)
3 CONTInUE
DO 4 J=2M
DO 4 K=101
DO 4 =12 .
COMG(JrKaI )z S* (OMG(JrK»I))
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4 . CONTINUE
- WRITE (62101)
WRITE(6¢105)
DO 5 u=2/M
00 5 K=1+1
JizsJd=}
K1=K=}
WRITE (60102) J1/K1y (COMG JrkrI)»Iz=102)
5 CONTINUE
D0 6 J=2M
DO 6 K=1r1
00 6 I=ls2
COMG(JrKeI)=OMG(JoeKel)
6 CONTINUE
WRITE (6+101)
WRITE (6+1006)
DO 7 u=2M
0O 7 K=1r1
Jisd=1
Klz=K=]
WRITE (6¢102) J1r/K1le (COMG(JrarI)eI=102)
7 CONTINUE
WRITE (60101)
WRITE (60107)
DO 8 J=2M
DO 8 K=1r1
DO 8 I=1r2
START:. 1
STARTl:l »
35 X{1)=STARTH* (OMG(JeKei))
DO 9 L=1+2
AlJrIKrI)Z(8 e *PI*R*¥H*TOXCK) / (RI*X (L) %X (L))
BIJrK»I)ZeB%PI%SQRTIAIJIKI))
IF(A(UsKeI)=14)33,31+30

30 C2=2,%%28
IF(B(JerKr1)=C2)300¢301,301

31 DELO(JrKei)S1let(PI®PIXGAMXGAN) /64,
GO TC 32

300 DELO(JrK» ISl e+ ((PI¥{A(JIKo L) %% (34/20) ) %xGCAMKGAM) /(16e* (1o~ (A(JrKrI

1)))))/TAN(B(JeK»1))

32 C(JrRe I)=SQRT(ABS(DELO(JrK»I)))
DGJrkpI)=(CLUr Koy 1)) (SIN(B(JIKII)))
IFCAGSID(JrnrI))=14233033+34

34 START=START+.1
IF(START=1.0235,35+325

325 CONMG(JrK1I)=e33333333
GO TO 2001

33 FOJrsKpII=ASINID(JeKe 1))
BETA(JUrKeI)S(24/P1)*(F(JeKel))
FLIL)=(OMG(UrKeI) )/ (ABS(L1++BETA(JIKII)))

9 X{L+1)=F1(L)

10 X(3)=(X(L)RF1(2)=X(2)*%F1(1))/(X(1)=F1(1)=X(2)+F1(2))
A(JrKeI)=(8e¥PIxR*H*TOXCK) / (RI®X(3) %X (3))
B(JrKeI)=,5*PIxSQRT(A(JIK, 1))
IF(A(JIKrI)=104)36037036

36 C2=2.*%%28 ‘

e
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. IF(B(UrKr1)=C2)360,401,401

37 . DELC(JUrKeI)Z1e+(PI*PI*GAM*GAM) /64,

’ GO0 TO 38

360 DELO(UrKr D)=l o+ ((PIk{(A(JrKrI)*%(34/2¢))%CAMXGAM) /(16e%x(L1e=(A(JrKrl

1)))))/TAN(B(JeKeI))

38 ClJrK)I)=SART(ABS(DELO(UPKeI)))
DCJrKyII=Z{C{JrK 1) )R (SIN(B(JeKeI)))
IF(ABS(D(JrKrI))=1.)39,39,12

39 FAJrKeIITASIN(D(JeKeI))
BETA(JeK e I)=(2e/PI)*(F(JeKeI))
FI(3)=(OMG(UrKe D))/ (ABS(1le+BcTA(JIKPI)))
D1=X(3)=F1(3)
IF(ABS(X(3))=1000,)390,3G4,3G4

390 IF(ABS(X(3))=1004)3G2¢393¢393

392 Cl=.001

GO TO 395
393 Cl=.01

GO TQ 395
394 Ci=.1

395 IF(ABS(D1l)=Clil1irellel2
12 X(1)=x(2)
Fi(l)=F1(2)
X(2)=X(3)
Fl(2)=F1(3)
STARTL=START1+1,
IF(START1-100.,)10,10r201
201 ACJrKe I)=(8e*PI*R*H*TOXCK) / (RI*X(3)%X(3))
IF(A(JIKe1)=1,0)330,501,501
330 B{JrKsI)=(Bo*PIxR*H*TOXCK)/(RI}
C(JrK+IIZSART(B(JeKeI))
C3=,01
AF(ABS(C(JrKe1)=X(3))=C3)331+331+332
331 COMG(JrKrI)=.88888888
GO TO 2001
332 COMG(JrK»I)=el1111111
GO TO 2001
301 COMG(Jr K2 1)=e 77777777
GO TO 2001
401 COMG(JrKr1)=.99999599
GO TO 2001
il COMG (JrKeI)zABS(X(3))
IF(A(JrKrI)=14)2001¢501,501
501 COMG(JrKrI)=e066666060
2001 CONTINUE
8 CONTINUE
WRITE(6»101)
WRITE(60108)
DO 13 J=2M
DO 13 K=1-1
Jlsd=] 7
K1ZK=~}
WRITE (60102) J1rKLlo (COMG(JrKeI)oI=1r2
13 CONTINUE
DO 14 J=2M
DO 14 K=1.1
00 14 I=1.2
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COMG(JrKrI)Z45%(OMG(JrK 1))
(14 - CONTINUE

WRITE(6+101)

WRITE(6+109)

DO 15 Jz=2/M

DO 15 K=1.1

Jizde]

KlzK=1

WRITE (60102) J1+/Kle(COMGIJIKeI)eI=1¢2)

15 CONTINUE
DO 16 J=2M
DO 16 K=1,1
00 lo 1I=1.2
START:ol
START1=1.

45 X(L)=START*(ONMG(JvKe2))

DO 17 L=1.2
AlJrKeI)IZ(8e*PIkR¥H*TOCK) / (i IxX (L) %X{L))
BlJrKrI)ZeS5*xPI%SART VALK 1))
AF(A(UrKr )=l 040 ekl

40 C2z2,%%28
IF(B(JrKeI)=C2)4000,3029302

41 DELO(JeKrI)S1le+(PI*PIXGANM¥GAN) /64,

GO TO 42
400 DELO(UrK e IIZi o+ ((PIx(A(JrKel)*x%k(3¢/2¢))%GAMXGAM) /(16e%(1e=(A(JrKr I
1)1))Y)/TAN(B(JeK, 1))

42 ClUrKe I)=SQART(ABS(DELO(JrKeI)))

DlJeK» )=(C UKy I) I (SINIB(JrKPI)))
IF(ABS(D(JrKrI))=1a)b3s43044

44 START=START+.1
IF(START=1.0)45,45:425

425 COMG(UrKe1)=e33333333
GO T0 2002

43 FOJrke I)SASINI(D(JeK» 1))
BETA(JrKeI)=(24/PL)*(F(JeKeI))
FLIL)S(OMG(UrKe 1))/ (ABS(Lle+BETA(UYK»I)))

17 X(L+1)=F1(L)

18 X{3) = (XL *FL(2) =R (2)xF1{l 1/ (X{1)=FLl(Ll)=X(2)+F1(2))
ACJrKe 1) Z(8e ¥PI*R*H*TOXCK) /(RI%X(3) %X (3))
BlJrKel)ZaS#PIxSART(A(UIKP L))
IF(A(JIK» I ) =146 047 040

46 C2=2.,%%28 ‘
IF(B(UeK»1)=C2)480,402,402

87 DELO(UrKrI)Zlet(PIXPI*GAM*GAM) /64,

GO 70O 48
460 CELO(UrK»I)Sl e+ ((PIR(A(JrKII)®*%k(3¢/2¢) ) xGAMXGAM) /7 (16ex(le=(A(JrKel
1)I¥)I/TAN(B(JIKe 1))

48 ClJrK2s1)=SQGRT(ABS(DELO(JrKrI)))
CUJrKp»IIS(CIJrK 1) )X (SIN(B(JrK2I)))
IF(ABS(D(JrKeI))=14)49949,20 7

49 FOJrKo I)SASINID(JeKe 1))

BETA(J K I)Z(24/P1)*(F(JrKe 1))
F1(3)=(CMG(JrK»I))I/(ABS(1.+BETA(JrKeI)))
DI=X(3)=F1(3)
IF(ABS(X(3))=1000.)490,494 494

490 IF(ABS(X(3))=100434929493,493
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492
" 493
494

495
20

202
430

k31
432
302
402
ig

502

2002
Y)

21l

Clz,001

GO TO 4985

Cl=.01

GO TQ 495

Ciz,1
IF(ABS{D1)=Cl)19,19+20
X{lizx(2)

Fl(1)=zF1(2)

X{2)=x(3)

F1(2)=F1(3)
START1=START1+1,
IF(START1-1060.)18,18:202
AC Ko I = (8o ¥PIxR¥H*TOXCK) Z(RI*X(3)%X{3))
IF(A(UrKeI)=1.0)430+502,502
BlJrsK»I)Z(8exPI*R¥H*TO*CK) / (RI)
ClurK» 1)ZSARTIB(JPK 1))
C3=.01
IF(ABSIC(JIKk»I)=X(3))=C3)83114311432
COMG(JeK»I)=.88888888

GO TO 2002
COMG(WrKeI)=wll31111ll

GO T0O 2002
COMG(JrKe1)Ze77777777

GO TO 2002
COMG(urKr1)=499969999

GO TO 2002
COMG(JeKr1)ZABS(K{3))
IF(A(UrKe1)=1.)2002+502,502
COMG(JrK1I)=e66666666
CONTINUE

CONTINUE

WRITE (6.101)

WRITE (6,110)

U0 21 J=2¢M

DO 21 K=1»1

Wizd=i

K1ZK=1

WRITE (6+102) J1+KLle (COMG(JiKeI)eI=102)
CONTINUE

WRITE (60101)

WRITE (6¢111)

RETURN

END
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I FOR UNST6

C
C

C

101
102
103
104
105
106
107
108
109
110

111

35

30
3l
300
32

NASA CONTRACT NAS8-11255 (LONGITUDINAL VIBRATION RESEARCH)

SUBROUTINE FOR UNSTABLE VALUES OF THRUST FREQUENCY» EQUATION (10.2
1-19)

CONSIDERATICN OF 9 CASES (3 INADMISSIBLE)s INVOLVING 120 VALUES.

SUBROUTINE UNST6 (PI+RoHeTOrCKsRIPGAM»OMGIMIN)

DIMENSICN OMG(20+¢20+3)+CONMG(209,200¢3)0A(2002003)¢B(20020.3)DELO(20
1¢2003)¢C(20020+3)00(20+20+3),F(20020¢3)+BETA(20,20¢3)+BETAL12(20+20
2¢3)0FLU4) s X(4)

FORMAT (20X,80HTABLE OF UNSTABLE VALUES OF THE THRUST FREGQUENCY FO
1R EQUATION (84)» RAD PER SECr//14Xe2HJy o 4Xe2HK, e 8Xe LOHCOMEGA (1)
210X+ 10HCOMEGA (2)+¢//)

FORMAT (215, 2E20.8//)

FORMAT (10X.78HFIRST CASE+ LCWER CASE M EQUAL 1, LOWER CASE N EQUA
IL 1, (CASE NOT ADMISSIBLE)er///)

FORMAT (10X+,56HSECOND CASE. _OWER CASE M EQUAL 2+ LOWER CASE N EQU
1AL 1,770

FORMAT (10X ¢55HTHIRD CASZs LUWER CASE M EQUAL 3+ LOWER CASE N EQUA
1L 10/7)

FORMAT (10X+¢56HFCURTH CASCe _CWER CASE M EQUAL .» LOWER CASE N EGQU
1AL 2¢/7)

FORMAT (10X »7oHFIFTH CASEs ~UWER CASE M EQUAL 2+ LLOWER CASE N EQUA
1L 2» (CASE NUT ADMISSIBLE et/ /)

FORMAT (i0X+55HSIXTH CASEr» LJWER CASE M EQUAL 3, LOWER CASE N EQUA
1L 2+/7)

FORM~, (I0X+57HSEVENTH CASE» LCWER CASE M EQUAL 1, LO..R CASE N EQ
1UAL 3./7) :

FORMAT (10X+56HEIGHTH CASEe LOWER CASE M EQUAL 2¢ LOWER CASE N EQU
1AL 3./7)

FORMAT (10X, 78HNINTH CASEs» LOWER CASE M EQUAL 3» LOWER CASE N EQUA
1L 3, (CASE NOT ADMISSIBLE)«r///)

0O 1 J=1eM

DO 1 K=1eN

DO 1 I=1,3

COMG{JrKe1)=0,0

CONTINUE

WRITE (60101)

WRITE (60103)

DO 2 J=21M

DO 2 K=1.1

DO 2 I=1.2

START=.1

STARTl:1o

X{1)=START* 1ONMG(JeKe 1))

DO 3 L=ls2

AlJrKosI) (8. %P IxR*¥H*kTOXCK) /(RI*X (L) *X (L))

BlJrKeI)=o5*PI*SQRT(A(JeKe 1))

IF(ACJIK2»I)=14)30¢31030

C2:2'**28 /

IF(B(JrKeI)=C2)300+301,301

DELC(JrKrI)Sl e+ (PI*PI*GAMXGAM) /64,

GO 7O 32

DELO(UrKo 1)zl e+ ((PIk(A(JIKrI)k%(34/2¢))%GAMKGAM) /(160%(le=(A(JrKs1
1)))))/TAN(B(JKe 1))

ClJrKsII=SART(ABS(DELO(JIK 1))
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'34

325
33

36
37
360

38

39

390
392

393

394
395

201

330

331
332
301

401

DUOUrKeIN=(C(JrK,I)I*(SIN(B(JeKeI)))
IF(ABS(D(JrK?sI))=14)33+133,34
START=START+.1

IF(START=~1.,0)35,35+325
COMG(UrKrI)=e33333333

GO TO 2001

FOJrKr»IIZASINID(GeKeI))

BETA(JrKe I)Z(24/PL)*(F(JrKr 1))

FIL)S(OMG (UK IN)/(ABS(~1s+BETA(JIK2I)))
X{L+1l)=F1(L)
X(3)=(X(1)*F1(2)=X(2)*F1(1))/(X(1)=F1(l)=X(2)+F1(2))
ACJrK 1) (B8e*¥PIxR*kH*TOXCK) /7 (RIXX(3)%X(3))
BOJrKeI)Zo5%PI*SQRT(A(JIKLI))
IF{A(UrKrI)=1,)36037136

C2z2.%%28

IF(BlUrKe1)~C2)360,401,401
DELO(UrKeI) =1l e+ (PI¥PI*GAMXGAM) /64 »

GO 70 38

DELO(J K 1)l e+ ((PI*x{A(JrKrI)*%(34/20¢) ) %xGAMKGAM) / (16e%x(1e=(A(JrKr1
I3)))I/TAN(B(JeKe 1))
ClueKyI)ZSQRT(ABS(DELO(JrKeI))) *
DUlJrK s I)=(C (UK, 1) I (SIN(B(UIKII)))
IF(ABS(DIJrKrI))=1+)39+39¢6
FUOJrKeI)SASINID(JIKeI))
BETA{wKol)z(2e/PLin(F(JrKeI))
FL(3)=(OMG(UrKeI)I/(ABS{=1levsETA(JIKeI)))
D1=X(3)=F1(3)
IF(ABS(X(3))=1000,)390+394% ¢ 394
IF(ABS(X{(3))=100.)392¢393+393

C1=.001

GO 70 395

Ci1=,01

GO0 TO 395

Ci=,1

IF(ASS(D1)=C1l)5¢506

X(liyz=x(2)

Fi(i)=F1(2)

X(2)=X(3)

Fl(2)=F1(3)

STARTL=START1+1,

IF(START1I=100.)404+201
AldrKeI)=(8e*PIXR*¥HXTO*CK) / (RI*X(3)%X(3))
IF(A(JrKeI)~1,0)330,501,501
BOJrKeII=(8exPI#R*H*TOXCK) / (RI)

ClJrK e IIZSORT(B(JeKe 1))

C3z.01

IF (ABS(C(JIK1I)=X(3))=C3)331+331,332
COMG(JrK»I)=.88888888

60 YO 2001

COMG(UrKrI)=ell111111 7
GG TO 2001

COMG(UrKeI)=e77727777

GO0 TO 2001

COMG(JrKr1)=,5999GG99

GO TO 2001 .

COMG(JrKr IIZABS(X(3))



IF(A(JrKeI)=1.)2001+,501,501

501 . COMG(JrKrI)=e66666666

2001 CONTINUE

2 CONTINUE

. WRITE(6+,101)

WRITE(60104)

DO 7 J=2iM

DO 7 K=1.1

J13de=]

K1ZK=~1

WRITE (60102) J1e/K1le(COMG(JrKeI)»I=1,2)

7 CONTINUE
DO 8 Ju=2M
DO 8 K=1+1
DO 8 I=1+2
START: 6
START1=1.

45 X(1)=START*(OMG(JrKr 1))

DO 9 L=1.2

AlJrKe )= (8 ¥PIxR*HRTOXCK) /(RI®X (L)Y %X(L))
BlJoKe 1), 5*%PI*SQRT(A(JrKe 1))
IF(A(JrKrI)=14)40081040

40 C2=2.%%28
IFE(B(JrKeI)=C2)4000302,302

41 DELO(UIKrI)=1le+(PI*PI*GAM®GAM) /64,

GO TO &2

400 DELO(UsKrII=1a+ ((PIx(A(JIK2»I) %% (3, /20))*GAM*GAM)/(160*(1.'(A(J Kel
1)) ) /TANIB(JeK» 1)

42 C(JrKrI)=SQRT(ABS(DELO(JIKPI)))

DUJryKs I)=(CUU Ky 1) )= (SIN(B(JIKeI)))
IF(ABS(D(JrKeI))=1e)l43r43044
44 START=START=.1

' IF(START 4250425945

425 COMG(UrKeI1)2e33333333
GO TO 2002

43 F(JoKeI)SPI=ASINID(JeKPI))

BETA(JrK»I)Z(2/P1)%(F(JrKe1))
FI(L)S(OMG(WrKeI))/ (ABS(BETA(JIKII)))

9 X(L+1)=F1{L)

10 X3z (XY *F1(2)=X(2)%F1(1))/7(X(1)=Fl(1)=X(2)+F1(2))
A(JrKeIIZ(8e¥PIxR¥HXTO*CK) /(RI*X(3) %X (3))
BlJeKeI)S,5*%PI%SQRT(A(UIKeI))

IF(A(JIKe I )=l )l46047 146

46 C2=2.%%28
IF(B(JrKrI)=C20460,402,402

47 DELO(UIK I )= e+ (PI*PI*GAM*GAM) /64
GO TO 48

460 DELO(JrKeINZLet ((PIRCA(JIKII)*%(3¢/20) ) xGAMRGAM) /(L60%(Lo=CA(JrKrI

L)) )))Y/TAN(B(JeKy 1))

48 C(JrKrI1)=SQART(ABS(DELO(JIKI)))
DIJryKpI)S(CCUrK,y D) I (SIN(B(JPIKII1)))
IF(ABS(D(JrKrI))=14)49949ri12

49 FOJrKeI)ZPI=ASIN(D(JrK»I))
BETA(JeKeI)S(2e/P1)*(F(JeK2I1I))
Fl(S):(OMG(doKnI))/(ABS(BETA(J!K'I)))
DI=SX(3)=F1(3) '

7

70



000.)4890 4940494

IF (ABS(X(3))~- -
3))=100.)492+493,493

490 IF{ABS (X (
492 C1s.001
. G0 TO 485
493 Ciz.01
GO TQ 495
494 Cl=,1
495 IF(ABS(D1)=Cl)11r,11,12
12 X{1)=x{2)
F1(1)=F1(2)
X(2)=X(3)
F1(2)zF1(3)
START1=START1+1, )
IF(START1-~1000.)10¢10,202
202 ACJrKrI)= (8o *PI*R*H*TOXCK)/ (RI*X(3)%X(3))
IF(A(JrK»1)=1.0)430¢502,502
430 B(JrKrI)=(84*PIxR*H*TOXCK)/ (R])
ClJrKyIIZSQRT(B(JeKo 1))
C3=.01
IF(ABSIC UK 1) =X (3 0=C3)431,431,432
431 CONMG(JrKrI)=.88886803
GC TO 2002
432 COMG(JrKrI)z=oll1111il
GO TO 2002
302 COMG(JrK»1)=e77777777
GO TO 2002
402 COMG(JrKr1)Z2499999999
GO TO 2002
11 COMG(JrKrI1)=ABS(X(3))
. IF(A(UrKeI)=1,)2002¢502,502
502 COMG{UIK1I)=.66666666
2002 CONTINUE
8 CONTINUE
WRITE(6,101)
WRITE(6,105)
DG 13 J=2M
DO 13 K=1.1
J1sJde}
K1=K=}1
WRITE (60102) J11K12{COMG(JrKeI)eI=1e2)
13 CONTINUE
DO 14 J=2M
DO 14 K=1.1
DO 14 I=1e2
START=.1
START1=1,
55 X(1)=START*(OMG(JrKe 1))
DO 15 L=1.2
AlJrKeI)= (8o ¥PIxR*HXTOXCK)/ (RI*X (L) %X (L))
B(JrKrI)Ze5*%PI*SQRT(A(JIKI D)) , /
IF(A(JrKeI)=1e)50051050 .
50 C2=2,%%28 <
IF(B(JUrKeI)=C2)500+303,303 '
51 DELO(JeK2I)Z1le+(PI*PIXGAM*GAM) /64,
GO T0 52
500 DELO(JrKrI)=1, +((PI*(A(J:K:I)**(3 /72¢) ) %GAMRGAM) /(16e%x(Le=(A(JrKrI
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ANV /TAN(B(UIK, 1))

52 . C(JUrKsI)=SGRT(ABS(DELO(JrKeI)))

' DUUrKoII=(C (UK 1)) (SIN(B(JIKII)))

. IF(ABS(D(JrKrI))=14)53+53+,54

54 START=START+,1
IF(START=1.0)55,55¢525

525 COMG(UrKrI)=433333333
GO TO 2003

53 FOJrKeL)ZASIN(D(JeKe 1))
BETA(JiKeI)=(24/PI)*(F(JrKeI))
FI(L)S(OMG(UIKeI) )/ (ABS({1e=BETA(J/K,I)))

15 X{L+L.:=F1(L)

16 X(3)=(X(1)*F1(2)=X(2)*F1(1))/(X{1)=F1(1)=X(2)}+F1(2))
ACUrKeI) (8o *PIxR*kHXTOXCK)/ (RI®X(3)%X(3))
BlJrKrI)ZS*PI*SQRT(A(U/Ke 1))
IF(A(UIKII)=1,)56¢57156

56 C2=2,%%28
IF(B(UeKrI)=C2)S560+603,403

S7 DELO(JIKrT)IClo+(PI*PI*GAMXGAM) /64
GO TO S8

560 DELO(J K2 D)=l o+ ((PI{A(UIKrI)¥%(34/2¢) ) %xGAMXGAM) /7 (16e*(Lo=(A(JrKrI

10))3))/TAN(B(JeK, 1))

58 ClJrK»I)=SART(ABS(DELO(JrK2I)))

ODCJeKy IIS(C (UK, 1)) (SIN(B{JPK I )
IF(ABS(D(JrK2I))=1.)59+59+18

59 FOJeKe IIZASIN(D(JIKI))
BETA(JrKeI)z(2./P1)*(F(UrKeI))
Fl1(3)=(OMG(UrKeI))/(ABS(1l.~BETA(JrKeI1)))
D1l=aX(3)=F1(3)
IF(ABS(X(3))=1000.)590+r594 554

590 IF(ABS{(X(3))=100.)592¢593¢593

592 Cl=,001

GO TO 595
593 Cl=,.01

GO TO 595
594 Cl=,1

595 IF(ABS(01)=C1l)17+1718
18 X{1)z=X(2)
F1(1)=Fl(2)
X(2)=X(3)
F1(2)z=F1(3)
STARTISSTART1+1,
IF(START1=100.)162162203
203 ACUIK»I)S(8 e *PIkR¥HXTOXCK) /(RI*X(3) %X (3))
IF(A(JrK»I)=1,0)530+503,503
530 BlJrKeI)Z(8¢*PIxR¥H*TO*CK)/(RT)
ClJrKer I)SSQRT(B(JKe 1))
C3=,01
IF(ABS(CIJrK eI )=X(3))=C3)531¢531+532
531 COMG(JrKr1)=.88388888 Y
GO TO 2003
532 COMG(JeKrI)=e11111111
60 TO 2003
303 COMG(Jr K2 1) =e 77277777
GO TO 2003 _
403 COMG(WrK?I)=499599999
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17

" 503
- 2003

14

19

20

21

65

60
61
600

62

64
625

63

23

GO TO 2003

COMG(UrKrI)=ABS(X(3))

IF(A(UrK»I)=1.)2003+503,503

COMG(JrK1I)= 466666666

CONTINUE

CONTINUE

WRITE(6,101) |
WRITE(60106) ‘
DO 19 Jd=2M

00 19 K=1,1

Jizd=1

KlzK=1

WRITE (60102) J1eK1o(COMG(JorrI)rIz=1¢2)

CONTINUE

WRITE (6+¢101)

WRITE (60107)

WRITE (60101)

WRITE (60108)

DO 20 J=2M

DO 20 K=1»1

DC 20 I=1.2

COMG(UrKeI)ZONMG(JrKe 1)

CONT INUE

DO 21 J=2M

00 21 K=1,1

J1sUe} |
K1=K=} ] |
WRITE (6+102) J1eKL1o (COMG(JrKeI)Iz1e2) |
CONT INUE

0O 22 J=2M

0O 22 K=1.1

CO 22 I=1.2

START:vé

STARTL=1.

X(L)=START* (OMG(JeKe 1))

DO 23 L-A 72

Al rK o 1) =8 e P IxR*AXTOXCK ) /(RI*X(L)*X (L))

BlJdsKe I)—.S*PI*SGm.\A(doK 1))

AF(A(UIKII)=14)60+61700

C2z2,.%%28

IF(B(UrKeI)=C2)50003040,304

DELO(JrK»I)ZLe+ (PIXPIXGAMXGAM) /64,

GO 70 &2

CELO(UrK Izl e+ ((PI*(A{JIKII)*%(3./24 ))*GAM*GAM)/(160*(10'(A(U'KlI
L)Y Yy /TAN(B(JrKy 1))

ClJrKe I/ZSQRT(ABS(DELO(JIK+I) 1))

DUJrKr II={CIJdeKy D) )% (SIN(B(JIKeI)))

IF(AGS(D{JIKPI))I=10)63163064

START=START=s1 .

IF(START)6251625+65 7
COMG(JrK»I)Ze33333333

GO TQ 2004

FOJrKeI)SPI~ASIN(D(JrKII))

BETA(UrKeI)=(2.,/PI)*(F(JrKe 1))
FLL)=(OMG(UrKeI))/(ABS(=1e*(BETA(JIK,I))))

X{L+1)=F1(L)
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24

66
67
660

68

69

690
692

693
694

695
26

204

630

631
632
304
404
25

504

2004
ée

CXL3)SIX(L)RFL(2)=-X(2)*F1 (1

VA X(2)Y+F1(2))
A(UrKrI)=(8e¥PIxR*H*TO*CK)/ (I
BlJrKrI)=.S*PI*SQRT(A(JeKe L))
IF(A(UPKII)=14)66067066
C2=2.%*28
IF(B(UeK21)=C2)660,404,404
DELO(U K2 I)=Ll e+ (PI*PIXGAM*GANM) /64

GO TO 68

DELO(JrK»I)Z1et ((PIX(A(JrKrI)**(34/24))%GAMKXGAM) /(16 ek (1e=(A(JrKrl
1)))))Y/TAN(B(JUrK»I))

ClJrKr I)=SQART(ABS(DELO(JrKrI)))
DlJrKpIIS(ClJr Ko I3 )R (SIN(B(JIK»I)))
IF(ABS{D(JrK»I))=1e)69+69126

FUrKe I)=PI~ASIN(D(JPKsI))
BETA(UrK»I)=(2,/PT1)%(F(JeKe 1))
F1(3)=(OMG(JUrKrI))/(ABS(=1e*(BETA(J»KrI))))
D1z=X(3)=F1(3)

IF(ABS(X(3))=1000.)630r6949694
IFLABSIX(3))=1004)652:16G631650

Cl=,001

GO TO 695

Cl=,01

GO TO 695

Ci=.1

IF(ABS(D1)=Cli25+25126

X(1i=x(2)

Fiil)y=F1(2)

X{2iz=X{(3)

Fi1(2)=Fl{3)

STARTL=START1i+1,

IF(START1=1000.)24 249204

AlJrKPI) (84 *PIxR*H*TO*CK) / (RI%X(3)*X(3))
IFLA(JIK 1) =1.0)8630,504,504
BlJrKeI)Z(8e*PIxR*H*TO¥CK)/ (RI)
ClJrKrI)=SART(B(JeKeI))

C3z=,ul

IF(AGSICIUrKeI)=X(3))=C3)6311631+632
COMG(JrK»I)=.88388888

GC 7O 2084

COMG{JrKri)=eilidlll

GO 70O 2004

COMG(JrKi 1)Y= 77777777

GO 7¢ 2004

COMG(uweK21)=e9655G959

GO YO 2004

COMG{w/KeI)=ABS(X(3))
IF(A(UeKeI)=1,)2004,504,504
COMG(UIKrI)=e66666666

CCONT INUE

CONT INUE i
WRITE(6,101)

WRITE(6¢109)

0O 27 J=2/M

0O 27 K=1r1

Ji1=d=]

KilzsK=1
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27

28

29

WRITE (60102) J1+eK1e(COMGCJIKII)oI=102)

CONTINUE

0O 28 Jz=2M
DO 28 K=1,1
DO 25 I=1.2
COMG(UrKrI)=OMG(JrKsI)
CONTINUE
WRITE (602101)
WRITE {(&s110)
DO 26 J=2/M
B0 29 K=z1+r1
Ji1=d=1

K1zK=}

WRITE (60102) J1sK1s(COMG(JrRrI)pI=102)

CONT INUE
WRITE (6¢101)
WRITE (60111)
RETURN

END
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I FOR UNST7

¢

C
C

101

102

103
104
105

35

30
31
300

32

3y
325
33

36

SUBROUTINE FOR UNSTABLE VALUES OF THRUST FREGUENCY» EQUATION (10.2

1=-22)

NASA CONTRACT NASE8-11255 (LONGITUDINAL VIBRATION RESEARCH)

CONSIDERATICN OF THREE (3) CASESs INVOLVING 900 VALUES,

SUBROUTINE UNST7 (PI+ReHrTOICKeRI+GAMsOMGIMIN)

DIMENSION OMG(20+20+3)2COMG(20+20¢3)9A(20+,2003),B(20020,3),DELO(R0
1:,2003)+C(20+20,3)+D(20¢20+3),F(2002003)BETA(20,2003)BETAL12(20,20
2131 F1(H) 9 X (&)

FORMAT (20X»80HTABLE OF UNSTABLE VALUES OF THE THRUST FREQUENCY FO
1R EQUATION (87),» RAD PER SEC.s//1t4Xe2HJ, 14Xr2HK, +8X»10HCOMEGA (1)
210X r JOHCOMEGA (27 +,10Xr10HCONEGA (3)e//)

FORMAT (215, 3E20.8//)

FORMAT (20X+33HFIRST CASEs LOWER CASE M EQUAL 1.¢//)

FORMAT (20X+34HSECOND CASEr LOWER CASE M EQUAL 2e40¢//7)

FORMAT (20X»33HTHIRD CASEs LOWER CASE M EQUAL 3.¢7/7)

DO 1 J=1liM

DO 1 K=1/¢N

0O 1 I=1.,3

COMG(WwrKeI)=040

CONTINUE

DO 2 v=2M

DO 2 K=2¢N

DO 2 I=1:3

START=.1

START1=1.

XCLISSTART*IOMG(JeKe 1))

DO 3 L=1s2

ACJrKr IIZ (8o *¥PIxR*¥HXTOXCK) /(RIxX(LY*X (L))

BIJrKeI)=e5%PI*SART(A(JIKeI))

IF(A(JrKeI)=14)30031030

C2z2,%%23

IF(B(uUrK»I)=C2)300+301,301

DELO(JoKr 1)1 e+ (PI*PI*GAMXGAN) /64

GO TO 32

DELO(UrK I)Zl et ((PIR(A(JIKII)*%(3¢/20¢) ) %GAMXGAM) /7 (16e%(1le=(A(JrKr I
1)) /TAN(B (UK 1))

ClJrKsI)=SART(ABS(DELO(JeKeI) 1))

DOUrKpI)=(C(JrK 1)) (SIN(B(JIK»I)))

IF(ABS(D(UrKeI))=1e)33+33+34

START=START+.1

IF{START~1.0)35,35¢325

COMG(UrKe1)=e33333333

GO TO 2001

FOJrKoI)ZASIN(D(JrKe 1))

BETA(Jr K. I)2(24/PI)*(F(JeKr1))

BETAL2{UrKe1)Z S (BETA(JIKI))

FLL)=(OMG(JrKeI))/ (1e=BETAL2(JrK»I))

X(L+l)=F2 (L) /

X(3)z(X(L)*FL(2)=X{2)*%F1(1))/(X(1)=F1(1)=X(2)+F1(2))

AlJrKeI)=(8 *PI*R*H*TO*CK)/(RI*X(S)*x<3))-'

BOJrKr 1) = 5*PIXSQRT (A(JrKe 1))

IF(A(JeKeI)=1e)36¢37036

C2z2,%*28 .

AF(B(JrKeI)=C2)360+401,401
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37 DELO(UrKs 1)1l e+ (PI*PI*GAN®XGAM) /64,
- 60 TO 38
360 DELO(UPKeI)Z1 e+ ((PI(A(UIKII)*%(34/2¢) ) %GAMKGAM) /(16 ek (Le=(A(JrKr1
11))))/TAN(B(JrKI))
38 ClJrK» I)=SART(ABSI(DELO(JIKe 1))
DUJrK 1) (C(Je Ky I )X (SIN(B(JIKe 1))
IF(ABS(D(JrKrI))=1013913G46
59 FOJrKe IIZASINID(JeK» 1))
BETA(JeKrI)=(24/PL)¥(F(JrKeI))
BETAL12(UrKs1)=.5%(BETA(JIK»1))
FI1(3)=(OMG(UrK2I))/(1.=BETALI2(JrKeI))
D1=X(3)=F1(3)
IF(ABS(X(3))=10004)390r3G4¢354
390 IF(ABS(X(3))=1004)39203G3¢393
362 Ci=.001

GO TO 395

383 Cl=.01
GO TO 395

394 Cl=.1

3985 IF(ABS(B1)=~Cl)5+5r6

6 X{1)=x(2)

‘ F1{1)z=F1(2)

X(2)=X(3)

Fl{(2)=F1(3)
START1=START1+1,
IF(START1I=100.)404¢201
201 AlJrKer IIS (8o ¥PI%R*HA*TO*CK)I/{RI*X(3)%X(3))
IF(A(JeKrI)=1.0)3300501,501
330 BlJrKrI)Z (8o ¥PIxR*H*TORCK) /(RI)
VC(derI)zngT(B(JvKrI))
C3=,01
IF(ABS{C {JrReI)=X(3))=C3)3310331¢332
331 COMG(UeK21)=.88368888

60 TO 200G.

332 COMG(uUrK,I)=eli111111
GO 70 2001

301 COMG(UrKe1)Z,77777777
GO 70 2001

401 CONMG(JrKr1)2.95999999
GO VO 2001

5 COMG(JrKrI)=ABS(X(3))

IF(A(JeKeI)=14)2001+501,501
501 COMG(UrKrI)=e66666666
2001 CONTINUE
2 CONTINUE
WRITE(62101)
WRITE(60103)
DO 7 J=2M
DO 7 K=2¢N
JisJd=]
K13K=} d
WRITE (60102) J1+sK1ro (COMG(JIKeI)rI=103)
7 CONTINUE '
DO 8 J=2M
D0 8 K=2!N
DO 8 I=1+3
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45

40
bi
400

42

4y
425

L3

ke
47
460

48

49

490
492

493
494

495
i2

START:I'

START1=1.

X(1)=START*(OMG (JrK» 1))

DO 9 L=1+2
ACUrKrI)Z(8e*PI*R¥HXTO*CK) / (RIXX (L) %X (L))
BUJrKoI)=oS*PIXSQART(A(JUIKI 1))
IF(A(JIK»I)=14)40,41+40

C2=2,.%%x28

IF(B(JrKeI)=C2)400+,302¢,302

DELO(UrK I )S1le+(PI*PIX*GAMXGAN) /64

GO0 TO 42

DELO(JrRK eI ot ((PIx{A(JrKrI) %% (3e/20 ))*GAM*GAM)/(160*(1.-(A(J:KoI

LIV /TAN(B(J Ky I))

C(JrK» I)=SQRT(ABS(DELO(JIK»1I)))
DOJrKa II=(CHUrKy 1) )% (SIN(B(JrK» 1) ))
IF(ABS(D(JeKrI) )=14)U83043 44
START=START=.1

IF(STARTIU259,425+45
COMG(JrK»I)=.33333333

GO TO 2002
FAJdeKoI)SPI-ASIN(DIUIKP D))
BETA(JUeKrI)=(24/P1)*x(F{urKv1y)
BETAL2(JrKe L) TS (BETA(JIKeI,)
FLL)=(CMG(GurKe 1))/ (BETAL2(JrKs1))

S X(L+1)=F1(L)

A(3)=(X(L)aFl(2)=X(2)*%Fl (L)) /(X (1)=Fl(l)=X(2)+F1(2)}))
AlJrKeI)IZ(B3e#¥PIxR*H*TO*CK ) /(RI*X(3)%X(3))
BlJrKeI)Ze5¥PI*SQART(A(JIKeI))

IF(A(JrK e D)=l )46rh7 146

C2=2,%%23

IF{B(urKeI)=C20480:5020402

DELO(U X e 1)l e+(PIXPI*GAMXGAM) /64,

60 V0 48

DELO(UrKo ISl e ((PI{A(JrKIL)**(34/20) ) xGAMXGAM) /(16 e* (L e=(A(UIK» I

1iii)/TAN(B (UK 1))

Cle G IIZSERT(ABSIDELCIJrKIN))
D e 2)=(CUrKp 1) )R (SIN(B(JIK D))
IF RoS(O(JeKrI))=1e)4G049 12

POk DISPI-ASINID (K I) )

BETA(JrKr I)2(24/PI)*(F(JeKeI))
BETAL2(JrKe1)=eS*x(BETA(JIKeI))
Fi(3)=(OMG(wrKesI))/(BETAL2(JsKsI))
DI=X(3/=F1(3)

IF (ABS(X(3))=10004)490r494s494
IF(ABS(X(3)1=100.)492+493,493
C1=.001

GO TO 495

Ci=.01

GO TO 495

Cl=,} /
IF(A3S(DL)=Cl)11,11,12

X(1)3x(2)

F1(1)sF1(2)

X(2)13X(3)

F1(2)=F1(3)

START1=START1+1,
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. IF(START1-1000.)10,10,202
202 AlUrKpI)=(8e*PIxR*¥HATO®xCK) /(RI*X(3)%X(3))
' IF(A(UrKeI)=1,0)430¢1502,502
. 430 BOJrKrI)Z(8exP iR*HXTOXCK) /(RI)
ClJrKsITISSART(B (WK 1))
C3=.01
IF(ABSIC(JrKrI)=X{3))=C3)431/431,432
431 COMG(JrKe1)=.88888888
GO TO 2002
432 COMG(UeKrI)=ell111111
GO TO 2002
302 COMG(JrK»I)=e77777777
GO TO 2002
402 COMG(JrKr1)=.99999999
GO TO 2002
11 COMG(JrKeI)=ABS(X(3))
IF(A(JrKeI)=14)2002+502,502
502 COMG(JrKrI)=e66666666
2002 CONTINUE
8 CONTINUE
WRITE(60101)
WRITE(6r104)
DO 13 J=2M
00 13 K=2/N
Jilzd=i
KlsK=1
WRITE (60102) J11K1y (COMG(JIKeI) eI=103)
13 CONTINUE
© 00 14 J=2.M
0O 14 K=2sN
0O 14 I=1+3
START=.1
. START1=1,
55 X{1)=START* (OMG(JrKel))
DO 15 L=1,2
AlUrKeI)S(8exPIxR*HXTO*CK) Z (RI*X(L)*X (L))
BIJrKr 1) 5%PI*SART(ACJ/KeI))
IF(A(JrK»I)=14)50051150
50 C2=2,%%28
IF(B(JrKeI)=C2)5000303+303
51 DELO(JrKrI)S1l e+ (PIXPIXGAM*GAM) /64
GO TO 52
500 DELO(JrKeI)Ela+ ((PI*(A(JIKY I)**(So/ao))*GAM*GAM)/(16 *¥(le=(A(JrKe I
1)))NI/ZTANCB(JIK,I))
52 ClJrKe1I=SQRT(ABS(DELO(JrK»I)))
DU rKe DIS(CIJr Ky I) IR (SIN(B(JIKII)))
IF(ABS(D(Jrn Z))=14)53+53+54
S4 START=START+.1
IF(START=1.0)55,55¢525
525 COMG(JrKeI)=e33333333 /
GO T0 2003 : '
93 FOJrKo I)SASIN(D(JrKe 1))
BETA(JrKrIIZ(2./P1)*(F(JrKr»I))
BETAL2(JrKeI)=,5%(BETA(JIKI))
FI(L)=(OMG(UrKe 1))/ (1e+BETAL2(J2Ke 1))
15 X(L+1)=F1(L)
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16 X(3)=(X(1)xFl(2)=X(2)*xF1(1))/¢(
. AlJrKi 1) =(8e*PI#R*HXTO*CK) / (RI

BlJrKrI)=S5*PIxSGRT(A(JIKI 1))

IF(A(JrKrI)=1,)56057¢56
56 C222 ., %%28

IF(B(JrKrI)=C2)5600403+,403 ‘
57 DELO(UrKsI)SLle+(PI*PI*GAMXGAN)/6U

GO 70O 58
560 CELO(UrK»I)Zl e+ (PI*(A(JrKeI) %% (34/2¢) ) %xGAMXGAM) /(16 (1le=(A(JrKr ]

1))))))/TAN(B(JrKII))
58 ClJeKr I)=SQRT(ABS(DELO(UKrI)))

DIVrK e IIZS(ClUrKeIDIR(SIN(B(UIKII)))

IF(ABS(O(JeK?»I))=1e)59+59»18
59 FAJrKe IIZASIN(D(JK» 1)) '

BETA(JrK 1) (24/PL}#{F(JrKe 1))

BETAL2(JrK» [)ZS5*(BETA(JIK2 1))

FI1(3)=(OMG(UsK2I) )/ (1+4BETAL2(JeKeI))

D1=X(3)=F1(3)

IF(ABS(X(3))=1000.)590,594 5G4
590 IF{ABS{X(3))=100.)592¢593¢593
562 Cl=.001

X(1)=F1l(1)=X(2)+F1(2))
*X(

(
X(3)*X(3))

GO TC 595
583 Clz,01
GO TO 595
5G4 Cl=.,1
595 IF{ABS(D1)=C1l)17+17,18
18 X{1)=xX(2)
Flil)=Fl(2)
X{(2)=Xx(3)

F1(2)=F1(3)
STARTLI=START1+1.
IF(START1=100.)16+16:203
203  AlJyK2II= (8o *¥PI*R*H*TOXCK) /{RI*X(3)*X(3))
IF(A(UeK?I)=1,0)530¢503,503
530 BlJdrKeI)Z (8 *¥PI*R¥H¥TOXCK)/(RI)
ClJrKe IISSART(B(JKe 1))
C3z=.01
IF(ABSIC(JrKeI)=X(3))=C3)5311531+532
531 COMG(JrK21I)=.88888888
GO TO 2003
532 COMG(JrKrI)=ell11111121
GO TO 2003
303 COMG{JrK»1)=,27777777
GO TQ 2003
403 COMG(JrK»1)=5499999999
GO TO 2003
17 COMG(UrKrI)=ABS(X(3))
IF(A(JrKeI)=1,)2003¢503,503
503 COMG(JrKrI)=e666660666
2003 CONTINUE /
14 CONTINUE
WRITE(6,101)
WRITE(6+105)
CO 19 J=2/M
DO 19 K=2¢N
Jizd=1

80



19

ﬁél#il(boIOZ) J1rK1o (COMG(JrKeL)pIZ193)
CONT INUE

RETURN

END
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BRI FOR UNST8

c SUBRQUTINE FOR UNSTABLE VALUES OF THRUST FREQUENCYr EQUATION (10.2
\ 1-25)

C NASA CONTRACT NAS8-11255 (LONGITUDINAL VIBRATION RESEARCH)

C CONSICERATION OF THREE (3) CASESs INVOLVING 900 VALUES.

SUBROUTINE UNST8 (PI»RyHeTO+CKIRIvGAMIOMGIMeN)

DIMENSICN OMG(20+,20¢3),COMG(20+,2003)¢0A(20+2003),B(20020,3)+DELO(20
1,20,3)0C(20+20+3)+D(20+20¢3)+F(20020¢3)+BETA(20,20¢3)+BETAL12(20+20
223)eFLLH) o X(H) ,

101 FORMAT (20Xs80HTAELE OF UNSTABLE VALUES OF THE THRUST FREQUENCY FO
IR EGUATION (89), RAD PER SEC.r//14Xs2HJ, s4Xr2HK, 1 8X9» LOHCOMEGA (1)
210X¢10HCOMEGA (2) 910X IOHCOMEGA (3)e//)

102 FORMAT (215, 3E20.8/7)

103 FORMAT (20X, 33HFIRST CASEs LOWER CASE M EQUAL 1.:/7/)

104 FORMAT (20X»34HSECOND CASEr LOWER CASE M EQUAL 2+¢/7/7)

105 FORMAT (20X+33HTHIRD CASEs LOWER CASE M EQUAL 3J,¢//7)

DO 1 J=1leM

00 1 K=1eN

DO 1 I=1+3

COMG(urKeI)=0,0

1 CONTINUE
DO 2 J=2M
00 2 K=2!N
DO 2 I=1+3
START=.1
STARTL1=1.

35 X{1)=START*(OMG(JeKsI))
0C 3 L=1s2
ACJrK e 1) S (8¢ *PI*R*HXTOXCK) Z (RI*X (L) xX (L))
BlJrKrI)Z4S¥PI*SQRT(A(JUKe 1))

IF(A(UIK»I)=14)30+31+30

30 C2z2,%%28
IF(B(ueKeI)=C2)300,301,301

31 DELO(Ur K1) =1 e+ (PI*PI*GANXGANM) /64,

G0 TQ 32

300 DELO(JUrKe Izl e+ ((PI*{A(JrKeI)®xk(3¢/2¢))%GAMXGAM) /(1 e*k{1le=(A(JrKrI
L3I /TAN(B(JeK»I))

32 C(UrK,II=SQART(ABSI(DELO(JrKeI)))

DldrKe D)= (CHUrK D) IR (SIN(B(JIK,I)))

IF(ASS(DIJrKPI) )=1e)33933+34

34 START=START+.1
IF(START=1.0)35,35¢325

325 COMG(JUrK»I1)=.33333333
GO T¢ 2001

33 FIJrKer 2 i SASIN(D(JrKe 1))

BETA(UrKe 1)z (24/P1)*(F(JrKe 1))

BETAL1Z2(JrKr )=, 5% (BETA(JIK» 1))

FI(L)=(OMG(JrK»I))/(ABS(2.=BETAL2(JrKeI1)))

3 X{L+1)=F1(L)

4 X(3)=(X{1)#F1(2)=X(2)*F1 (1) )/ (X(1)=F1l(1l)~ X(2)+F1(2))
A(doKuI)-(8.*PI*R*H*TO*CK)/(RI*X(3)*X(3)) -
BUUJrKrI)ZoS*PI*SQRT(A(J,KeI))

IF(A(UIK»I)=14)36¢37136

36 Co=2,.%%28 .

IF(B(JrK»I}=C2)360,401,401
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37 DELO(UrK»I)=1le+(PI*PI*GAM*GAM) /64
G0 TO 38

360" DELO(UrKeI)Zle+ ((PIX(A(JrKIL)*%(34/24))%GAMKGAM)/(16e*(1le=(A({JrKsI
1)) )/7TAN(B(JUWK,y 1))

38 ClUrK»I)=SART(ABS(DELO(JrKeI)))
DCJrKyII=(ClJrK, D) I *(SIN(B(JIKII)))
IF(ABS(D(JrKrI))=14)3G439+6

39 FIJrKsIIZASIN(D(JrKeI))
BETA(UIKeI)Z(2./PI) % (F(JeKr1))
BETAL2(J Ky I)= 5% (BETA(JrKeI))
F1(3)z(OMG(JrKrI)I/(ABS(2.=BLTAL2(JeKeI)))
D1=X(3)=F1(3)
IF(ABS(X(3))=10004)39003G4:+3G4

390 IF(ABS(X(3))=1004)382+1363¢393

392 Cl=,001
GO TO 385

393 Cl=.01
GO TO 385

394 Cl=,.1

395 IF(ABS(C1)=Cl)5¢516

6 X{l1y=xe)

Fl(1)=F1(2)

X{2)=X(3)

F1(2)sF1(3)
STARTLI=START1+1,
IF(START1=-1004)4e40,201

201 AlJrIKrI)=(8e¥PIxR*H*TOXCK) / (RI*X(3) %X (3))
IF(A(UrKsI)=1,0)330,501,501

330 BIJyKrI)Z (B84 *PIxR*H*TO*CK)/ (RI)
ClJrKe IIZSAERT(B(WrKeI))

C3=,01
IF(ABS(C(JrKeI)=X(3))=C3)331+331+332
331 COMG(JrKr1)=,88888888

GO TO 2001

332  COMG(JrKrI)=e11111111
GO TO 2001

301 COMG(JrKeI)=477777777
GO TO 2001

401  COMG(JrKrI)=+99999999
GO TO 2001

5 COMG (JrKrI)ZABS(X(3))

IF(A(JrKeI)=~14)2001+,501,501
501 COMG(JIKII)=e66666666
2001 CONTINUE
2 . CONTINUE
WRITE (5:101)
WRITE (60103)
DO 7 Jz2eN
00 7 K=2+N
Jisd-}
K1=K=] 7
WRITE (60102) J1+K1le (COMG(JIKsI)eI=103) ‘
7 CONTINUE .
D0 & Jz=2M
0O 8 K=2¢N
DO 8 I=1+¢3
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45

40
41
400

42

[T
425

43

46
47
460

48

49

490
4oz

493
494

495
12

START:. 1

START1=1.

X{1)=START*{OMG(JrKe 1))

00 9 L=1»2
AlJrKrI)Z(8e*PIxR¥HXTO®CK) /(RI*X (L) %X (L))
BJrK2I)ZoeS5*PI*SQRT(A(JIKeI))
IFCA(UIKPI)=1e)40041040

C2=2.*x%28

IF(B(JrK»I)=C2)400,302+302
DELO(JrKoI)=1le+(PI*PI*GAM*GAM) /64

GO TC 42

CELO(JrKeI)S1le+ ((PIx(A(JIK I)**(Bo/Zo))*GAM*GAM)/‘160*(1-'(A(J'K0I

1)))))/TAN(B(JrKs 1))

ClJrKe 1) =SART(ABS(DELO(Jy K 11))

DUJrK 2 DI=(COUrK,y 1)) *(SIN(B(JIK,I)))
IF(ABS(D(JrK2I))=1e)43+43044
START=START+.1

IF(START=1.0)45,45,425
COMG(JrK»I1)Ze33333333

GO TOo 2002

FOJrKeI)ZASIN(D(JrKe 1))
BETA(JrKeI)=(24/PL)*(F(JrKo 1))
BETAL12(JrKrI)Z 5% (BETA(JPKI 1))
FLIL)=S(OMG(UrKeI))/(ABS(14+4BTAL2(JrKeI)))
X{L+1)=F1 (L)
X{3)=(X{1)*xF1(2)=X(2)*F1(1))/(X(1)=F1(1)=X(2)+F1(2))
ACJrKeIIZ(8e*PIxR*¥H*TOXCK) /(RI*X(3)%X(3))
BlJrKrI)=5*PI*SQRT(A(JIKr 1))

IF(A(UIKPI)=1e)UB4T 46

C2=2,%%28

IF(B(JrKrI)=C2)46004020402

CELO(JrK»I)Z1 e+ (PI*PIXGAMXGAM) /64,

GO TO 48

DELO(CJrKrI)Z1 e+ ((PI*(A(JIKII)*%(34/20¢)) %GAMRGAM) /(16e%(Lle=(A(JrIK»I

1)/ i /7TAN(B(JeKy 1))

ClJrKrI)=SGRT(ABS(DELO(JrKeI)))
DlGrKyIIS(C(JrK, I3 %(SIN(B{JIKII)))
IF(ABS(D(JrKr I ) ;=1e)49949r12

FUJrKer I)SASINID(JeK»I))
BETA(WrKeI)=(24/PI)*(F(JrKel))
BETAL12(JrKeI)Z.5%(BETA(JIK 1))
F1(3)=(OMG(UrKeI))/(ABS({1.+BETAL2(JeK»I)))
C1=X(3)=F1(3)

IF(ABS(X(B))-1000.)490'494 494
IF(ABS({X(3))=100.)492+4G39493

Cl=,001

GO TQ 495

Cl=,01

GO TO 4S5 '

Ciz=.} 7
IF(ABL{Cl)=Cllil1,11012 :
X{l)y=x(2)

Fi(l)=F1(2)

X(2)=Xx(3)

Fl(2)=F1(3)

START1=START1+1,

84




IF(START1=100.)10+10,202
202, AlUrKrI)S(8e*PI«R¥HXTOXCK) / (RI%*X(3)%X(3))
. IF(A{UrKsI)=1,0)6209502,502

430 BOJrK D)= (8o *PI*R*H*TO*CK) /(R])
ClUrK»I)=SARTIB(JrK»I))

C3=.01
IF(ABS(C(J;K:I)-X(3))-C3)“31:4319432

431 COMG(JrKrI)=,88888888
GO TO 2002

432 COMG(urKrI)z=,11111111
GO 70O 2002

302 COMG(drKvI):.77777777
G0 TO 2002

402 COMG(urKr1)=.855559G9
GO T0 2002

11 COMG(ur Ko I)ZABS(X(3))
IF{A(UrKsI)=14)2002+502,502

502 CONMG(urKrI1)=.66666666

2002 CONTINUE

8 CONTINUE
WRITE(60101)

WRITE(6+104)

0O 13 J=2M

0G 13 Ks2+¢N

Jizdei

KlzK=]

WRITE (60102) J1eK1r (COMG(UIKII)»I=1+3)

13 CONTINUE
0O 54 J=2¢M
DO 14 K=2+N
B0 14 I=1+3
START:ol
STARTi=i,
START2=1.0

S5 X{L)IZSTARTH* (OMG(JrKeI))
DG 15 L=1.2
AlUike I02(B e *PTxR¥*HETORCK) /(RI*X (L) %X (L))
BIJikKeI)Z5*PIXSGRT(A(JUIKII))
IF{AGUPKsT)=14)50¢51050

50 C2=2,%%285
IF(BlGrK»I)=C2)500¢303,303

51 DELO(UrK» 1) =1l e+ (PI*PIXGAM*®GAM) /64
GO TC¢ 52

500 CELO(UIK» I)Zl e+ ((PIk(A(JIKII)®%k(34/2¢) ) *GAM*GAM) /(16e*(Le=(A(JeKr 1

10330 ) /7TAN(B{JIKYI))

52 ClUrK»I)=SART(ABS(DELO(JrKeI)))
DlUesKa II=(ClUrKpI) )X (SIN(B(JeKeI)))
IF(ABS(D(JrKrI))=1e)53¢53,54

54 START=START+.1

i (START=1.0)55,55¢525 S
525 COMG(UrK»II=e33333333

GO TO 2003
53 FOJrKy IIZASIN(D(JeKe D))

BETA(JrKe 1) (2. /P1)*(F{JrKs 1))
BETAL2(JrKeI)Z5*(BETA(JIKII))
FLIL)IS(OMG(UaK» 1))/ (ABS(2.+BETAL2(JrK»1)))
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15 X{L+1)=F1(L)
16 . XE3)=(XCLIFFL(2)=X(2)%F1(1))/(X(1)=F1(1)=X(2)+F1(2))
: AlCdrKs L) =(84*PI*R*¥H*¥TO%CK) / (RI*X(3) %X (3) )
B(doK'I)=o5*PI*SQRT(A(doK(I))
IF(A(UIKII)~14)56157156
56 Ce2z=2,x%28
IF(B(JrK»I)=C2)560,403,403
57 DELO(UIKII)Z1e+ (PI*PIX*GAM®GAN) /64,
GO0 TO 58
560 DELO(u.K'I):1.+((PI*(A(J:K:I)**(S./Z.))*GAM*GAM)/(léo*(1.-(A(de'I
1))1)))/TAN(B(JIK,I))
58 ClUsKrI)=SQRT(ABS(DELO(JIK»I))) |
DCJrKe IIZCCAIIK, I IR (SIN(B(IIKSI))) |
IF (ABS(D(JrKe1))=1+)59,59,18 |
59 F(de:I)zASIN(D(de'I)) |
BETA(UrKoI)Z(2¢/PI)*(F(JsKs 1)) |
BETALZ(JrKr1)ZeS5%x(BETA(JIKs 1))
F1(3)=(OMG(GrKoI))/(ABS(24+BETALI2(JsKs1I)))
D1=X(3)=F1(3)
AF(ABS(X(3))=1000,)590+554,554
590  IF(ABS(X(3))=100.)552+593,595
592 Ci=.001

GO TO 595
593 Cl=.01

GO 70 595
594 Cl=.1

565 IF(ABS(C1)=Cl)17+17¢18
18 X(1l)z=x(2) :
F1(1)=F1(2)
X{2)=X(3)
F1(2)=F1(3)
STARTI=START1+1,
IF(START1-1004)16+16¢203
203 A(d.KoI):(8.*PI*R*H*TO*CK)/(RI*X(3)*X(3))
IF(A(JIK»I)=1,0)5300503,503
530 BOJyK»I)S(8e#PIxR*¥H*¥TOXCK )/ (RI)
ClJrk 1 1) =SART(B(JrKs 1))
C3=,01
IF(ABS(C(UIKrI)=X(3))=C3)531+531,532
531 COMG(JUrKeI)=,88888888
GO TO 2003
532 COMG(uUeKrINz=e11111111
GO TO 2003
303 COMG (UK I)=477777777
GO TO 2003
403 COMG(JrKr1)=,99699999
GO TO 2003
17 COMG(weKrI)=ABS(X(3))
IF(A(UrKII)=1,4)2003+503,503

503  COMG(JrK+I)=466666666 /
2003 CONTINUE
14 CONTINUE ‘ ‘

WRITE (60101)
WRITE (6¢1089)
DO 19 J=2M
00 19 Kz2!N
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" 19

Jizd=}

KlzK-]

WRITE (60¢102) J1¢K1s (COMG(JeK»I)»I=1+3)
CONTINUE

RETURN

END
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@I FQR UNSTY

c

-C
C

101

102
103
104
105

35

30
3l

300
32

34

325

36

37

SUBROUTINE FOR UNSTABLE VALUES OF THRUST FREQUENCY:, EQUATION (10.2
1-28)

NASA CONTRACT NAS8-11255 (LONGITUDINAL VIBRATION RESEARCH)

CONSIUERATICN OF THREE (3) CASESe INVOLVING 900 VALUES.

SUBRCUTINE UNSTG (PItRsHsTOrCKerRI+GAMIOMGIMIN)

DIMENSION ONMG(20+20+3),COMG(20+,2003)91A(20+,2003),8(20¢20+3)DELO(R0
1120+3)9C(20+,20+3)9D(2002003)+sF(20+2003)+BETA(20+20+3)+BETAL12(20+20
2¢3)F1L4) o X (&)

FORMAT (20X»80HTABLE OF UNSTABLE VALUES OF THE THRUST FREQUENCY FO
1R EQUATION (88), RAD PER SECer//v4Xe2HJ, 2 4X12HK, 18Xs10HCOMEGA (1)
210X LOHCOMEGA (2) 210X 210HCOMEGA (3)e//)

FORMAT (215, 3E20.8/7) .

FORMAT (20X ¢33HFIRST CASEs LOWER CASE M EQUAL 1,.,07/)

FORMAT (20X+s34HSECOND CASEr LOWER CASE M EQUAL 2e0/7)

FORMAT (20X»33HTHIRD CASEs LOWER CASE M EQUAL 3.¢//)

DO 1 J=1rM

0C 1 K=1rN

0O 1 I=1,3

COMG(urKe1)=0.0

CONTINUE

DO 2 J=2!M

DO 2 K=2¢N

DC 2 [=1+¢3

START:l .

START1=1.

X(1)=START*(ONMG(JeKeI))

D0 3 L=1l.2

ACJrKe I (8o #PI#R*HXTOXCK) /Z (RI*X (L) %X (L))

BlJrKrI)=eS*PI¥SQRT(A(UIKII))

IF(AGUKeI)=14)30031¢30

C2=2,.,%%28

IF(B(WeKe1)=C2)300,301,301

CELO(UIKII) =1l o+ (PIXPI*GAMXGANM) /64,

GO TO 32

DELO(UeK e INZle+ ((PI*(A(JIK»I)*%(36/24))%GAMKGAM)/(16e%(L1e=(A(JrKrI
L)) )/TAN(B (UK 1))

ClUrKyI)=SART(ABS(DELO(JrKPI)))

ClJrKeI)=(C(Jr Ko I) )= (SIN(B(JIK»I)))

IF(ABS(D(JrKrI))=1e)33033934

START=START~.1

IF(START) 3250325+ 35

COMG(JUrK»I1)=e33333333

GO 7O 2061

BETA(UrK2I)S(24/P1)*(F(JrKr 1))

BETAL2(J 1 Kr )= S*(BETA(JrKe 1))

FL{L)S(OMG(JeKeI) )/ (ABS(=1+%3ETAL2(JrK21)))

X{L+1)=FL1(L)

S XU3)=(XCLIHF1(2)=X(2)*¥F1(1))/(X(1)=F1(1)=X(2)+F142))

ACJrKrI)S(8e¥PIxR*¥H®TOXCK) /(RI*X(3)%X(3))
BlJrKe Iz . 5%PIXSQRT(A(UIWK, 1))
IFCA(JIKeI)=14)36037136

C2z2.,%%28

IF(B(JrKsI1)=C2)360+401,401
DELO(JIKrI)Z1e+(PI*PIXGAMRGAM) /64
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GO T 8
360 _'DELO?J?K:I):1.+((PI*(A(JvaI)**(B./Z.))*GAM*GAM)/(16-*(1.-(A(drK0I
1Y) Y)Y/TAN(B(JeK, 1))

38 ClJrKrI)=SQRT(ABS(DELO(JrKrI1)))
DIJrK»I)S(CUUIK 1) IR (SIN(B(JrKe 1))
IF(ABS(D(JrKeI))=16139939+¢6

39 FUJrKoI)ZPI=ASIN(D(JrK»I))
BETA(JrKeI)Z(24/PI)*(F (UKo 1))
BETAL2(JrKe1)=.S*(BETA(JrKe 1))
F1(3)z(OMG(UurKeI))/(ABS(=1%BETAL2(JrK+I)))
D1=X(3)=F1(3)
IF(ABS(X(3))=~10004)390,3G4,394

390 IF(ABS(X(3))=100.)392+393+393

362 Ci=.00ul )

GO TO 395
393 Ci=.01
GO TC 395
394 Ci=.1
399 IF(AES(D1I=Cl)5¢5¢06
o Xt1y=x2j
F1(1)=F1(2)
X(2)=X(3)

Fi(2)=rF1(3)
STARTI=START1+1,
IF(START1-1000,)4+4,201

201 A(JrKrI)Z{8e*xPIxR*xH*TO*CK) /(RI*X(3)%X(3))
IF(A{JrKrI)=1.0)330,501,501

330 BlJrKrI})={8.%PIxR*H*TO%CK)/(RI)
ClJrK2IIZSART(B(JeKe 1))
C3=,.01
JIF(ABSIC(JrKrI)=X(3))=C3)331¢331,332

331 COMG(JrKrI)=e88888888

60 TO 2001

332  COMG(urKeI)zell111111
GO TO 2001

301  COMG(urKe 102477777777
GO TO 2001

401  COMG (JrKr1)=459999999
G0 TO 2001

5 COMG (UrKrI)ZABS(X(3))

IF(A{JrKeI)=14)2001+501,501
501  COMG(JrKrI)=.66666666
2001 CONTINUE
2 CONTINUE
WRITE(E,101)
WRITE(60103)
CO 7 y=2M
0C 7 K=2sN
NFENS
K1SK=1
WRITE (60102) J1oK1s (COMG(JrKeI)pI=103) 7
7 CONTINUE -
DO 8 J=2:M
DO 8 K=2¢N
DO 8 I=1¢3
START=.1
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45 -

40
41
400

42

44
425

43

46
47
460

48

49

43S0
492

493
494

495
12

START1=1,
X{1)=START*(OMG(JrKe 1))
DO 9 L=12
AlUrKeI)Z(8+¥PIxR¥H*TO*CK) / (RI%®X (L) %X (L))
Bk 212 .5%PI*SQRT(A(JrKs 1))
IF(A(UIKr I =14)40041040
Ca2=2.%%28
IF(B(UrKeI)=C2)400+302,302
DELO(JrK2 1)1+ (PI*PI*GAM®GAN) /64,
GO T¢ 42
DELO{U Ko I)Sle+ ({(PIx(A(JIKoT ) *%(34/2¢)) %xGAMKGAM) /7 (16e%x{1e=(A{JrK1]
D))N))/TANCKB(JUrKyI))
C(UrKs II=SQRT(ABS(DELO(JrKeI)))
BlUrKeI)Z(CIUsK 1) )%R(SIN(B(LIK»1)))
IF(ABS(D(UrKeI))=1e)G3¢43044
START=START+.1
IF(START=1,0)45945¢425
CONMG(JrK1I)=e33333533
GO TQ 2002
FlJrKe I)ZASINID(JrKerI))
BETA(UeKaI)={2e/PLixiFidinai))
BETAL2(JeKr 1= e300 TAINVZ))
FL(L)=(OMG{uweK1 1)1/ (AES(=1e+cETAL2(UeKeI)))
X{L+1)=F1{L)
X)) (XCLIFL(2) =R iZix»Flil) i/ (X (1)=F1l(1)=X(2)+F1(2))
AldrKr D)= (B8 e %P Ix3%m%TC&xCAT/ vk InX(3)%X(3))
B(J'K'1)245*53:*‘535_-.\n..Jr-\l:;l
IF(A(UsKi L )j=neiqSinTins
C2z2,*%28
IF(B(urke23=C23550040204502
DELO(W iK1 L) Za e v (P IMPIXGAM®GAW) /0t
GO TC 48
DECOiUrK e IS0 e v iPam AlUIR 1L %% ({3¢/2¢) ) kGAMKGAM) /(20 e*¥(L1e=(A(JrKr ]
L)Y /7TANAB(JdeK»I5)
ClUrsneI/i=SART(ABS(DELO(JIKP I i)
Dl I1=(ClUrK,y 10 i n(SINGB UK I )
IF (A S{DlUiRsZi)=ie)Gey9el2
Flw. as IISASINID(JIKOI))
BETmn wtKer I )Z( (26 /PI)*(F(JrKe 1))
ETAL2(dokel)=e5%(BETA(JIK 1))
Fl{3;c(CMG(JsKrI))/(ABS(=1s+0ETAL2(JeKrI)))
Diz=X{4)=F1(3)
IFCASS5(X03))=10004)490 04940494
IF(ACS(X(3))=100.)4G2s49394893
Cr=.oul
GO0 TC 4%5 '
Cl=,01
GO TO 485
Ci=.}
IF(ApsS(D1)=Cli11e11r12 /
A{L)=x(2)
Fi(1)=F1l(2)
X(2)=X(3)
FL{2)sF1(3)
STARTLI=STARTL+1,
IF(STARTi~100.)10,10,202
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202 AlJrKrI)=(8e%PIxR¥kH*TO*CK)/(RI®X(3)%X(3))
. IF(A(UrKeI)=1,01430+502,502

430 BIJrKrI)=(8e*PI%R¥H*TO%CK)/(RI)
C(UrKyI)SSART(B(JrKIIY)

C3=,01
IF(ABSIC{JIK 1IN =X({3))=C3)U431+4310432

431 COMG(JrKeI)=e88885888
GO TC 2002

432 COMG(JrKrI)=0ell1111111
GO TGO 2002

302 COMG(UrKeI1)=a?77727777
GO T0 2002

402 COMG(urKeI1)=4699989G9
60 70 2002

11 COMG (UK I)ZABS(X(3))
IF(A(JeKeI)=14)2002+502,502

502 COMG(UrK1I) 266666606

2002 CONTINUE

a CONTINUE
WRITE (6.101)

WRITE(6:104)

DO 13 Jz=2M

0O 13 Kz=2¢N

J1ad=]

K1SKe=]

WRITE (&6r102) leKlr(CONG(devI) I=21.3)

13 CONTINUE
DO 14 J=2M
D0 14 K=2¢N
CO 14 I=1,3
START=1.
START1=1.

55 X{1)=START*(OMG(JeKer 1))
DO 15 L=1.2
AlCJrKrI)Z (8o ¥PI%R¥H*TOXCK) /(RIAX (LY %X (L))
BUOJrKrI)Z 5*PI*SGRT(A(J K2 1))
IF(A(UIKII)=14)50051¢50

50 C2=2,%%28
IF(B(JrKsI1)=C2)5000303,303

51 DELO(UrK eI )=l e+ (PI*PI*GAM*GAM) /64,

GO0 TO 52
500 CELO(U oK e D)=l o+ ((PIx(A(JrKrI) %%k (3e/20) )% GAMKGAM) /(16 e*(L1o=(A(JrKs 1
1)) )Y/TAN(B(JeK»I))

52 ClJrKrI1)=SORT(ABS(DELO(JPKI)))
D(JsKyI)=(CUUrK, D) IR (SIN(B(JIKPI)))
IF(ABS(D(JrKeI))=1,s)53+53154

54 START=START=.1
IF(START)5251525+55

925 COMG(uUIK»I)=433333333
GO TO 2003 P

53 FIUrKoI)ZPI=ASIN(D(JrKeI))
BETA(JrKeI)= (24 /PI) X (F(JeKe 1))
BETAL12(JrKeI)= 5% (BETA(JIKII))
FL(L)S(OMG(JeK»I))/(ABS(BETAL2(JrKy I)))

15 X(L+1)=F1(L)

ié X(3)=(X{1)*F1(2)=X(2)*F1 (1)) /(X (1)=F1l(l)=X(2)+F1(2))
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ALdaKe 1) (8 xPIxR¥HXTOXCK) /(RI*X(3)%xX(3))

B{deRe 172 S4PIxSCRTIALJeKeI))

. IF(A(UIrKiI)=14)56:57¢56

56 C2=2,%%28

) IF(B(UIK+I)=C2)560,403,403

57 DELO(JoKrI)Zle+(PI*PI*GAM*GAN) /Gl
GO 70 58

9560 DELO(UiKeI)Zlot ((PI*(A(JIKeI)*%(34/724) ) %xGAM*GAM) /(LG e*(1le=(A(JrKe]

L)))Y)Y/TAN(B(JerKe 1))

58 C(JrKyII=SART(ABS(DELQO(JrK?I)))
DUJeKyI)=(C(UJrK,I))*{(SIN(B{(JIKrI)))
IF(ABS(D(JrK1I))=1:)59,59/,18

59 FUJrKeI)ZPI=ASIN(D(JeK»I))

BETA(U Ko I)Z(24/P1)*(F(JeKel))
BETAL1Z2(JerK»1)=.5%(BETA(J1K» 1))
F1(3)=(CMG(urKeI))/(ABS(BETAL2(JrKeI)))
D1=X{3)=F1(3)
IF(ABS(X(3))-1000.)590,594 594

590 IFCABS(X(3))1~100)592+1563¢593

532 Ciz.001
GO TO 595

593 Ci=.01
GO TO 595

894 Cl=.1

595 IF(ARSIC1)=C1)17+¢17+18

18 X{liz=xt2)

Fl(l)=Fl(2)

X{2)=x{3)

F1(2)zF1(3)
STARTL=START1+:,
IF(START1~1000.)16¢16+203

203 AlJrKp 1) (8o *¥PI4#R*H*TOXCK) /(RI*X(3)%X(3))
IF(A(JrKeI)=1,0)530,503+503

530 BlJeRKoI)Z(8exPI%R*¥H¥TO%CK)/Z{(RI)
ClUrKr1)ZS5GRTIB(JeKe 1))

C3z=,01
IF(ABS(C(JrK 2 I)=X(3))=C3)531+531+532

531 COMG(urKrI1)=.88888888
GO TO 2003

532 COMG(uUrKeI)=eliz111ll
GO T¢ 2003

303 COMG(JrKe1)=a77777777
GO TO 2003

403 COMG(JrK»I)ze9995999S

: GG 70 2003 _

17 COMG{UrKeI)SABS(X(3))
IF(A(JIK»I)=14)2003+503/503

503 COMG(UrK1I1)z.66566660

2003 CONTINUE .

14 CONTINUE /
WRITE(66101)

WRITE(6+105)
00 19 J=2M
CC 19 K=2¢N
Jizd=}
K1ZSK=}]
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16 -

WRITE (60102)
CONTINUE
RETURN

END

J12K1o (COMGIJrKeI) 0 I=1¢3)
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101
102
103
104
105

106

107 -

108
109
110

111

8710

NASA CONTRACT NAS8-11255 (LONGITUDINAL VIBRATION RESEARCH)
SUBROUTINE FQOR UNSTABLE VALUES OF THRUST FREQUENCY» EQUATION (10.2
1-31) :

CONSICERATICN OF 9 CASES (3 INADMISSIBLE)» INVOLVING 1800 VALUES,
SUBRCUTINE UNST10(PIeReHeTOICKIRIvGAMIONGIMIN) '
DIMENSION OMG(20920+3)COMG(2002003)9A(20+20¢3),B(20+20+3),DELO(20
102003)¢C(20020+3)+20(20¢2093)9F(2002023)sBETA(20,2003)F1{4)X({H)
FORMAT (20X+80HTABLE OF UNSTABLE VALUES OF THE THRUST FREQUENCY FO
IR EQUATION (91), RAD PER SEC.r//ru4Xs2HJ, vt Xr2HK, 1 8Xe 10HCOMEGA (1)
210X, LUHCOMEGA (2)¢10Xr10HCOMEGA (3)e//)

FORMAT (215 3E20.87/7)

FORMAT (10X»78HFIRST CASEs LOWER CASE M EQUAL 1, LOWER CASE N EGQUA
1L 1, (CASE NOT ADMISSIBLE)er///)

FORMAT (10X,56HSECOND CASE» LOWER CASE M EQUAL 2+ LOWER CASE N EQU
1AL 1+/7)

FORMAT (10X+s55HTHIRD CASEs» LGWER CASE M EQUAL 3, LOWER CASE N EGQUA
1L 1./77)

FORMAT (10X+S6HFOURTH CASE» LOWER CASE M EQUAL 1r LOWER CASE N EGQU
1AL 2,/77)

FORMAT (10X,»78HFIFTH CASEs LUWER CASE M EQUAL 2» LOWER CASE N EQUA
1L 2» (CASE NOT ACMISSIBLE)er//7)

FORMAT (10Xs5SHSIXTH CASEs LCWER CASE M EQUAL 3, LOWER CASE N EGUA
1L 2¢/77)

FORMAT (10X»S7THSEVENTH CASEs LOWER CASE M EQUAL 1» LOWER CASE N EG
1UAL 34077)

FORMAT (10X»56HEIGHTH CASEr» LOWER CASE M EQUAL 2+ LOWER CASE N EQU
1AL 3./77)

FORMAT (10X »78HNINTH CASE, LGWER CASE M EQUAL 3, LOWER CASE N EGQUA
1L 3, (CASE NOT ADMISSIBLE)«0///)

CO 1 J=1lM

DO 1 K=1eN

CO 1 I=1:3

COMG(WwrK»I)=0,0

CONT INUE

WRITE {(&,101)

WRITE (60103)

0O 2 J=2¢i

00 2 K=2N

DO 2 1I=1+3

COMG(JrKrI)zOMG(JsKe 1)

CONT INUE

WRITE (6¢101) “

WRITE (60104)

GO 3 J=aeM

DO 3 K=2!N

U'l:\)-l

KloK~1 .

WRITE (60102) J1eK1s(COMG(JrKrI)»1IZ103) /

CONTINUE

DO 4 Jz=2M

CO 4 K=2¢N

BO 4 1=1.3

COMB(JrKeI)Ze5*x{(OMG(J2KyI))

CONTINUE
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WRITE {(we101)

WRITE (&+¢103)

0O 5 u=2M

DO 5 K=2N

J1ZJ=-}

KlZKe~1

WRITE (6¢102) J1eK1r (COMG(JeK2I)pIz=1¢3)

S CONTINUE
DO & w=2M
DC 6 K=2¢N
0O 6 I=1+3
COMG(JrKeI)ZONMG (UK I)

6 ~ CONTINUE
WRITE (6¢101)

WRITE (6¢106)

00 7 u=2/M )

DO 7 K=2!N

Jisd=~1

Kl1z=K=1

WRITE (60r102) J1oK1p (COMG(JeKiI)rIZ=103)
7 CONTINUE

 WRITE (60101)

WRITE (&60107)

DO 8 u=2¥

DO 8 K=2¢N

DO 8 1I=1.3

START=1

START1=1,
35 X{L)=START*(OMG(JrKeI))

0O 9 L=12

AlJrKeI)Z (8o *PIxR¥HXTO*CK) /Z (RI*X (L) %X(L))

BIJrKeI)Zoe5%PI*SGRT(A(UPKII))

IF(ACUIKeI)=14)30031030

30 C2=2 ., %%28
IF(B{JsK»I)=C2)300,301,301

31 DELO(UrK e 1) Sl e+ (PI*PI*GAM*GAM) /04
GO 70 32

300 DELO(UsKe D)zl o+ ((PIX®{(A(JrK? I)**(50/2o))*GAM*uAN)/(160*(1-°(A(J'K'I

L)) )/TAN(B(JeKe 1))

32 ClUrk s II=SART(ABS(DELC(JrKeI)))

DUSe Ky IIZ(C 1L Ky 1)) (SIN(B(JIKe I ))
IF{ABSIC(JdrReI))=14)33+33+34

34 START=START+.1
IF(START=1.0)35,350325

3295 COMG(JrKr1)=e33333333
GO 70 2001

33 FOJrKyI)ZASINID(JrKeI))
BETA(JrKeI)S(24/P1)*(F(JrKe 1))
FLIL)S(OMG(WrKeI) )/ CABS(1e+BeTA(UIKII)))

9 X{L+1)=F1(L)

10 X(3)-(X(l)*Fl(Z)-X(Z)*Fl(l))/(X(l)—Fl(l)-X(2)+F1(2))
ACJrKoe I)—(Bo*PI*R*H*TO*CK)/(HI*X(5)*X(3)) .
B(UrKeI)=5*%PI*SQRT(A(JPKeI))
IF(A(JrK»I)=14)36037036

36 C2=2.%%28 '
IF(B(JrK»I)=C2)360,4010401
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37 UDELO(UsKrI)Zle+ (PI*PI*GAM*GAM) /64
GO TO 38

360 CELO(UrKr i) Z1le+ ((PI*(A(JrKoI)*%(3¢/2¢) ) *%GAM*GAM) /(16e%k(1le=(A(JrKr I

L)) Y)/TAN(B(JIKy 1))

38 ClJrKrI)=SCRT(ABS(DELO(UrKeI) ))
DOJrK e IIZ{C(JIK, 1) 3% {SINIB(JsKrI)))
IF(ABS(D(JsK2I))=1,)39+,3G,12

39 FOJrKo T)ZASIN(D(ueKe 1))
BETA(UrKeI)Z(2¢/PL)R{F(JrKe1))
FL(3)=(OMG(urKeI))/(ABS(1.+BETA(UIKeI)))
Di=X(3)=F1(3)
IFCABSIX(3))=10004)3900394 0354

390 IF(ABS(X(3))=100,)392+3G93+393

392 Ciz,u01
GO 7O 395

393 Ci=.,01
GO TO 395

394 Ci=,1

395 IF(AS(C1)=Cl)iirlirl2

i2 x(1)=Xx(2)

F1{1)=F1{(2)

X(2)=X(3)

F1L(2)=F1(3)
STARTLI=START1+1,
IF(START1-1004)10,100201

201 AlJrR s IIZ (8o *PIxR*¥HATOXCK) Z/(RI*X(3)%X(3))
IF(A(JrKeI)=1.0)330+501,501

330 BOJyKrI)I=(8exPI%R*H*TOXCK)/(R])
ClJrKyI)IZSART(B(JrKeI))

C3=.01
IF(ABS(C(UrK eI )=X(3))=C3)33113311332
331 COMG(JUrKr1)=.88888888

GO 70 2001

332 COMG(uUrKrI)z=o11111111
GO0 TO 2001

301 COMG(UPKe 1)Z 77777777
GO TO 2001

401 COMG(urKrI)=4599939959
GO T7C 2001

11 CONMG(Ur K I)ZABS(X(3))

IF(A{JrKrI)=14)2001+501,501
501 COMG(UrKr 1) Z 466666666
2001 CONTINUE
8 CONT INUE
WRITE (6¢101)
WRITE (60108)
0O 13 Jz=2M
DO 13 K=2/N
J1sd=-}
KlsK=1 7
WRITE (60102) J1 K1 (COMG(JrKeI)r»I=1¢3)
13 CONTINUE
0O 14 Jz=2eM
DO 14 Kz=2!N
DO 14 I=1+3 ,
COMG(UrKrI)zeSk(OMG(JrKe 1))
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14 CONTINUE
WRITE (6+,101)
WRITE (6¢109)
O 15 J=2M
DO 15 K=2»N
Jizd=}
K1ZKe=]
WRITE (60102) J1+K1e(COMGIUJIKII)eI=1e3)
15 CONT INUE
D0 16 J=2/M
DO 16 Kz2sN
DO 16 I=1+3
START=.1
START1=1,
45 X{1)=START*(OMG (JrKr 1))
00 17 L=1.2
ACJrKeI)=(8s*¥PIxR*¥H*TO®CK) /(RI*X(L)*X(L))
BlJrKerIIZS*PI*SQRT(A(JeKeI))
IF(A(UKII)=14)40041040

40 C2=2,%%28
IF(B(JrK2I)=C2)4000302,302

41 CELO(JrKeI)=1, +(PI*PI*GAM*GAM)/6Q.
GO TO 42

400 DELO(UKeI)ZLle+ ((PIX(ACJrKrI)*%k(34/2¢) )%GAMRGAM) /(16e*(Lle=(A(JrKs I
L) I)Y/TAN(B(JIK, 1))

42 ClJryKrII=SQRT(ABS(DELO{JIKeI})))

COrK e I)Z(ClUIK, D) )X (SINIB(JrK21)))
IF(ABS(D(JrKeI))=1e)43943 044

4y START=START+.1 '
IF(START=1.0)45,45,425

425 COMG(JerKr1)=433333333
60 TO 2002

43 FOdoKe I)ZASIN(D(JrKe 1))
BETA(JrKrI)Z(2¢/PI)*(F(JrKr1))
FLEL)S(OMG(UrKeI))I/(ABS(14+BETA(JIKII)))

17 X{L+L)=F1(L)

18 X(3)=(X(1IxFL(2)=X(2)*F1(1))/(X(1)=Fl(1l)=X(2)+F1(2))
AlJrKeli=(8. *PI*R*H*TO*CK)/(RI*X(3)*X(3))
BIJrKrI)=oS*PI*SQRT(A{UIKI))

IF(A(UrK D) =1a)46047046

46 C2=2.%%28
IF(B(JrKeI)=C2)45004020402

47 DELO(UrKsT )=l e+(PI*PI*GAMXGAM) /64,
GO TO 48

koo DELO(JrK»I) =1+ ((PIX(A(JrKIL)*%x(34/20 ))*GAM*GAM)/(16-*(1.—(A(der1
1)) /TAN(B(JrK 1))

Lg COJrK e I)ZSERT(ABS(DELO(JeKr1)))
OD(UrKeI)Z(C(JUrKy 1)) *(SIN(B(JeK»I)))
IF(ABS(C(JrKeI))=10)49049020

49 Foooon e L)SASINID(JrKA 1)) P
BETA(JIK» 1) (2 /P *(F(JrK11))
F1(3)=(OMG(UrKesI))/(ABS(1++BETA(JIKII)))
D1=X(3)=F1(3)

IF(ABS(X(3)1=10004)490 494434

490 IF(AUS(X(S))-100.)492'Q930493

4ga Cl=,00l
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493
494
495
20

20e

430

431
432
302
4oz
19

s02

2002
16

21

GO T¢ 895

Ciz.gl

GO TO 495

Ciz.}
IF(ABS(C1)=Cl)1g,1G+20
X(ly=x{(2)

F1(1)=F1(2)

X(2)1=Xx{(3)

F1{2)zF1(3)
START1=START1+1,
IF{START1-100,)18+,18+202
ACUrKoIIS(Be*¥PIxR¥HXTOXCK )/ (RI*®X(3)%X(3))
IF(A(UrKrI)=1.0)430,502,502
BOJrKrI)Z(8¢e*¥PI*R¥H*TOXCK)/(RI)
ClJrKe IISSART(B(JPKe 1))
C3=,01
IF(ABS(CIJrKrI)=X{3))=C3) 4314319432
COMG(JrKrI)=488888888

GO TO 2002
COMG(UrK»I)=ell111111

GO TO 2002

COMG (UKo 1277777777

GO TO 2002
COMG(JrK11)=¢999959G9

GO TO 2002
COMG(JrKeI)=ABS(X(3))
IF(A(UIKeI)=14)2002¢,502/,502
COMG(JrKrI)= 66666666
CONTINUE

CONTINUVE

WRITE (60101)

WRITE (60,110)

DO 21 J=2M

DO 21 K=2'!N

Jisd=]1

K1=ZK=~]

WRITE (60102) J1/K1le(COMG(JrK»I)IZ103)
CONTINUE

WRITE (6,101)

WRITE (60111)

RETURN

END
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Wl FOR UNSTI11

C
C

C

101
102
103
104
105
106
107
108
109
110
111

39

30
31
300

32

NASA CONTRACT NAS8-11255 (LCNGITUDINAL VIBRATION RESEARCH)
SUBROUTINE FOR UNSTABLE VALURS OF THRUST FREGUENCY» EQUATION (10.2
1-34)

CONSIUERATICN OF 9 CAZES(3 INADMISSIBLE)» INVOLVING 1800 VALUES.,
SUBROUTINE UNST1L{RPI s TOrCKIRI/GAM2ONMGeMeN)

DIMENSICN OMG(20+,2093) 1COMG(20,20+3)0A(2002003),B(20020,3)DELO(20
102003)0C(2002003)+0(20+20¢3)+F(2002003)sBETA(20,2003)F1(4)X(4)
FORMAT (20X»80HTABLE OF UNSTABLE VALUES OF THE THRUST FREQUENCY FO
1R EQUATION (G0), RAD PER SEC«r//24Xe2HJ, »4Xe2HK, 1 8Xs10HCOMEGA (1)
210X+ 10HCOMEGA (2)010Xe10HCOMEGA (3)//)

FORMAT (215, 3E20.8//)

FORMAT (10X»78HFIRST CASEs LOWER CASE M EQUAL 1, LOWER CASE N EQUA
1L 1» (CASE NOT ACMISSIBLE)«r///)

FORMAT (10Xs+56HSECOND CASEs LOWER CASE M EQUAL 2+ LOWER CASE N EQU
1AL 1./7)

FORMAT (10X»55HTHIRD CASEs LOWER CASE M EQUAL 3, LOWER CASE N EGUA
ik 1.77)

FORMAT (10X)56HFOURTH CASEs» LOWER CASE M EQUAL 1. LOWER CASE N EQU
1AL 20/7)

FORMAT (10X+78HFIFTH CASE» LOWER CASE M EQUAL 2+ LOWER CASE N EGQUA
1L 2» (CASE NOT ADMISSIELE)er///)

FORMAT (10Xr55HSIXTH CASEs LOWER CASE M EQUAL 3, LOWER CASE N EGUA
1L 2+/7)

FORMAT (10XrS57HSEVENTH CASEs, LOWER CASE M EQUAL 1, LOWER CASE N E@
LUAL 3+/7)

FORMAT (10X+»S6HEIGHTH CASE» LOWER CASE M EQUAL 2+ LOWER CASE N EQU
1AL 3+/7)

FORMAT (10X»78HNINTH CASEs LOWER CASE M EQUAL 3, LOWER CASE N EGUA
1L 3» (CASE NOT ADMISSIBLE)«e///)

DO 1 J=1+M

DO 1 K=1'N

DO 1 I=1.3

COMG(JrK21)=0,0

CONTINUE

WRITE (60101)

WRITE (60103)

DO 2 Ju=2!M

DO 2 K=2rN

DO 2 I=1¢3

START=.1

STARTL1=1.

XLL)ZSTART*(OMG(JeKr 1))

DO 3 L=1.2

A(JoK(I)=(8.*PI*R*H*TO*CK)/(RI*X(L)*X(L))

BlJrKr1)IS S*PI*SGRT(A(JIKeI})

IFCA(UIKPI)=14230+31030

C2=2,%%28

IF(B(JrKe1)=CR2)300,301,301 /
DELO(JrKoI)S1e+(PI*PI*GAM*GAM) /64,

GO TO 32

DELO(JrKeI)ZLlo+ ((PIx(A(JIKII)*%x(34/20 ))*GAM*GAM)/(160*(1.—(A(J Kel
1)) /TAN(BIJKII))

C(JrKoI)=SQRT(ABS(DELO(JrKr 1))
D(JrKsI)S(C(JrKeI))*(SIN(B(MIK»I)))

99



IF(ABS(D(JrK2 1) )=14)33+33034

34 START=START+.1

) IF(START=1.0)35,35¢325

325 COMG(JrK1I1)=.33333333
GO 70 2001

33 FOJrKyI)SASIN(D(JPKe 1))
BETA(GUrKeI)Z(24/P1)%(F(JrKeI))
FL(L)S{OMG(JUrKeI))I/(ABS(=1e+uETA(JIKII)))

3 X(L+1)=F1(L)

4 X(3)Z(X(L)#FL(2)=X(2)*F1(1))/(X(1)~FLl(1)=X(2)+F1(2))
AldrKeI)Z(8e*xPIxR*H*TO*CK) /(RI®XX(3)%X(3))
B(JrKrI)= S*PI*SGRT(A(JIKe 1)) '
IF(A(JrKI1)=14)36037136

36 C2=2,%%28 :
IF(B(JrKer1)=C2)360,401,401

37 DELC(UrKeI)=le+(PI*PI*GAM*GAM) /644
GO TO 38

360 DELO(Ue Ko I)ZLoe# ((PIx(A(JIKII)*%(30/24¢) ) %GAMKGAM) / (16e%(1o=(A(JrKrI

1)))))/TAN(B(JeK»I))

38 ClJrKyI)=SART(ABS(DELO(JrK*I)))
D(JrKrI)S(ClUgKy D)) *(SIN(B(JIK»I)))

: IF(ABSID(JPK?rI))=1e239939+6

39 F(JeKoL)ZASINI(D(JrKe 1))
BETA(JrK»I)Z(24/P1)*(F(JrKsI))
F1(3)=(OMG(JrKsI))/(ABS(=1+BETA(JIK?I)))
D1=X(3)=F1(3)
IF(ABS(X(3))=10004)390/,394+354

390 IF(ABS(X(3))=100.)352+393¢393

392 Cl=,001

GO TO 395
393 Cl=,01
GO TQ 395
394 Cl=.1
395 IF(ABS(B1)=Cl)S5+5+6
6 X{1)y=x(2)
Fl(1)=F1(2)
X(2)=X(3)

F1(2)=F1(3)
STARTI=START1+1,
IF(START1-10G.)4 040,201

201 ACJrKe 1) (84 xPIxR¥H*TOXCK) /(RI*X(3)*X(3))
IF(A(JrK»I)=»1,0)330,501,501

330 BIJrKrI)Z (8 *PI*R*H*TOXCK)/(RI)
C(UrK»I)=ZSART(B(JrKeI1))
C3=,01
IF(ABS(C({UrKeI)=X(3))=C3)3310331,332

331 COMG(JIKrI)=.88888888

GO TO 2001
332  COMG(JeKeI)z=el1111111
G0 TO 2001
301  COMG(JrKe1I)Z=477777777 7
GO TO 2001 .
401  COMG(JrKrI)Ze99969999
GO TO 2001
5 COMG (JrKeI)SABS(X(3))

IF(A(UrKeI)=1,)2001+501,501
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501 COMG (U1K 1) 0666666606

2001 CONTINUE

el CONTINUE
WRITE (60101)

WRITE (60104)

DO 7 Jd=2M

DO 7 K=2#N

J1zd=1

KlzK=1

WRITE (621020 J1/K1lo (COMG{JrKeI)I=103)

7 CONTINUE
DO 8 w=2:M
DO 8 K=2+!N
00 & I=1+3
START:Qé
START1=1.

45 X{L)ZSTART*(CNMG(JeKe 1))

0O 9 L=1s2

ALK IS (8o *¥PIxR*kH*TORCKI Z(RI*X(LI%X (L))
BlJrKrIIZ5%PI*SQRT(A(JIKPI))
IF(ACUIKeT)=14)400,41040

40 Co=2,%%28
IF(B(JrK»I)=C2)400+302+302

41 DELOGJrKrI) 2l o+ (PI*PI*GAN®GAM) /64
GO TO 42

400 DELO(U K IIZL e+ ((PI*(A(JIK2I) %% (34/20¢) ) xGAMKGAM) / (16e%k(1e=(A(JrKrI

I /TAN(B(JIK 1))

42 ClJrK»ID)=SQRT(ABS(DELO(JrKrI1)))

DUk P IIZ(C(J e Ky 1) )% (SIN(B(JIKII)))
IF(ABS(D(JrKe L) )=14)43043044

4y START=START=.1
IF(STARTI4251425+,45

429 COMG(JrKrI)=e33333333
GO TO 2002

43 FlJrKr I)SPI-ASIN(D(JIKI))
BETA(JK» 1)z (2./PT)*(F (UK 1))

: FLIL)=(OMG(UrKe 1))/ (ABS(BETA(JIK»I)))

9 X{L+1)=F1(L)

10 X{3)=(X(Li*FL(2)=X(2)%FL1(1))/(X(1)=Fl(1l)=X(2)+F1(2))
AldrRKr DI (B *¥PLaR%HRTOXCK)I/(RI*X(3) %X {(3))
BlJrKel)Z 5%PI%SQART(A(JIK D))
IFLA(GrKrI)=lad46047 046

4e Caz2,%%28
IF(B(uekKeI)=C2) 604020402

&7 CELO(JIKeI)z o+ (PI*PI*GAMXGAM) /64
GO TQ 48

46Q DELO(J K IS e+ ((PIX(A(JrKII)*%(30/20) ) % GAMKGAM) /(16e*(1e=(A(JrKr]

1))V )/TAN(BIJeK»I))

48 C{JrKsI)=SQRT(ABS(DELO(JIKI)))

DK I)=(ClUrKyI) )X (SIN(B(JIKPI))) /
IF(ABS(D(JrKsI))=1e)49949r12

49 FOJrKr I)SPI-ASIN(D(JrK»I))

BETA(JrKrI)= (2. /P1)*(F(JeKr1)) :
FlL(3)=(OMG(JrKeI))/(ABS(BETA(JIKI)))
D1=X(3)=F1(3)
IF(ABS(X(3))=1000.)490,49404%4

101



490 IF(ABS(X(3))=100+)492+4G3¢493
Lge: Cil=,001
GO TO 495
493 Cl=,01
GO TGO 485
494 Ciz.1
495 IF{ABs(D1)~Cl)11,31,12
12 X(1l)=x(2)
F1{1)=F1(2)
X(2)=x((3)
F1(2)aF1(3)
START1I=START1+1,
IF{(START1-1000,)10+10r202
202 ACUrKrI) = (8¢ *PIXR*HXTOXCK) /(RI*X(3)*X(3))
IF(A(UrKeI)=140)430,502,502
430 BIJrKrI)=(8e*¥PIxR*¥H*xTO*CK)/ (R])
ClJWK2II=SART(B(JeKeI})
C3=,01
IF(ABSIC(JrKeI)=X(3))=C32)431,431 0,432
4351 COMG(JUrKeI}=eB88p888888

GO0 TO 2002

k32 COMG(UsKeI)=ell1111i1
60 TO 2002

302 COMG(JrK2 1) =e77777777
GO TO 2002

402 COMG(UrK»1)=4599999SS
GO TO 2002

1l COMG(JrK»I)zZABS(X(3))

IF(A(UrKeI)=1402002¢502:,502
502 COMG(JUrKrI)ze66566660
2002 CONTINUE
8 CONTINUE
WRITE(60101)
WRITE(6:105)
DO 13 Jd=2M
£O 13 K=2/N
Jizdel
KilzK=1 ‘
WRITE (60102) J1vK1o(COMG(JIKeI)»I=103)
13 CONTINUE
DO 14 dJz=2M
DO 14 K=2¢N
DO 14 I=103
START:ol
STARTL:I .
55 X{1)zSTART*(ONMG(Je K1)
LC 15 L=i.2
Al sk I)= (8 *PIxR*¥H*TOXCK) Z(RI*X (L) *X (L))
BlUiKeI)=oS*PI%SQRT(A(JIIKP 1))
IF(A(JrKrI)=14)50+¢51,50
50 C2z=2,%%28
IF(B(JrKrI)~C2)500,303,303
51 DELO(JrKrI)=1l o+ (PIXPIxGAM*GAM) /B4,
GO TO 52 )
500 DELO(J.K'I)21.+((PI*(A(J:K:I)**(3./20))*GAM*GAM)/(l6o*(l.'(A(drKlI
1)))))/TAN(B(JrKy 1))




Se ClUryK»I)=SERT(ABS(DELO(JPK1)))
BlOrKpI)=({C(Jr Ky 1)) (SIN(BIJIKPI)))
IF(ABSID{JrKII))=14)53+53+54

o4 START=START+.1
IF(START=1.0155+,5%1525

525 CONMG(UrKrI1)=433333333
GO TG 2003

53 FOJrKe IIZASIN(D(JrKPI))
BETA(JiKe L)z (2. /P1)*(F{JsKs1))
FILEL)S(OMG{UrKel) )/ (ABS(1e=BETA(JIKI)))

15 AlL+1)=F1(L)

le X(3)=(X{L)*F1(2)=X(2)*F1(1))/(X(1)=F1(1)=X(2)+F1:2))
ACUrKrI)=(8 e ¥PIkR¥HXTOXCK) /(RI*X(3)*xX(3))
BlJrKeI)Z SxPI*SQRT (AWK 1))
IFCA(UIK»I)=1,)56057+506

56 C2z2,.,*%28
IF(B(UrKeI1)=C2)560,8039403

57 DELO{JUrKr 1) =1l o+ (PI*¥PIXGAMXGAM) /6L
60 TC 58 .

560 DELO(U Ko D)=L o+ ((PIR(A(IrKiI) %% (34/24) ) %xCAMRGAM) /(L6 e* (1e=(A(JrKr I

1)) ) )/7TAN(B{UIK,»I))

58 ClJrKyI)=SART(ABS(CZLO(JPKI)))

DUJeK» 1) Z(C UKy I} )% (SINIBGIIKI D))
IF(ABS(D(JIK»I))=14059+59,18

59 FIJrKe IIZASINID(UIKI))

BETA(U K2 I)=(2e/PI)%{F(JrKrI))
F1(3)={COMG(JrKrI))/(ABS({1.=BETA(JrK»I)))
D1=X(3)~F1(3)

IF (ABS{X(3))=1000,)590,594%9594

590 IF(ABS(X(3))~100.)592+593+593

592 Ciz,0ul
GO 70 585

593 Ci=.01
GO 70 595

594 Ci=,1

595 IF(ABS(CL)Y=C1l)17+17+18

18 X{liz=X(2)

F1(1)=F1(2)

X{21=X(3)

Fl(2)=F1(3)
START1I=STARTLI+1,
IF(START1~100.)16+,167203

203 AlUrKrI)Z{8e¥PIxR¥HXTOXCK) /{RI*X(3)%X(3))
IF(A(JrKrI)=1.0)530¢503,503

530 BOJeyKrI)=(8e %P IxR¥kH*TOXCK)/(RI)
ClUrKeI)=SQRT(B(JeKe1))

C3=.01
IF(ABS(C(JrK e I)=X(3))~C3)531+531+532

531 COMG(WrKeI1)=,88388888
GO TO 2003 /

532 COMG(JrKrI)=el1111111
GO TO 2003

303 COMBG UKo I)2a77777777
GO TG 2003

403 COMG{wIKrI)=¢999G59999
GO TO 2003
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17 COMG(ul&tI): BS(X(3))
. IF(A(UrK»I)=140200C 13,503
503 CONG (U1K I )= eE66600 G0

. 2003 CONTINUE
14 CONT INUE
WRITE(6,101)
WRITE(S+,106)
00 19 dJd=2M
DO 19 K=2/N
Jicd=1
KlzcK=}
WRITE (60102) J1vK1)(COMG(JeK»I)pI=103)
19 CONTINUE
WRITE (60,101)
WRITE (60107)
DO 20 J=2¢M
DO 20 K=2N
DO 20 I=1.,3
COMG(UrKrI)zONMG(JeKel)
20 CONTINUE
WRITE (60101)
WRITE (60108)
0o 21 J=2/M
DO 21 K=2¢N
Jizsd=]
KlzK=1
WRITE (60102) dHKlo(CONG(ch I)eI2103)
2l CONTINUE
DO 22 J=2M
DO 22 K=2N
DO 22 I=1+3
START=.6
START1=1.
65 X{1)=START*{OMG(JeKeI))
CO 23 L=1.2
ACUrKe Il (8e*PInxR*HXTOXCK) /(RI*X (L) *X(L))
BlJrKs1)=e5*PI*SQRT(A(JIKP L))
IF(A(JIKPI)=1)60061060

60 C2=2,%%28
IF(B(urKrI)=C2)600,304,304

61 CELO(JeK2 1)1l e+ (PIX*PIXCANXGAM) /64
GO TC 62

600 DELO(UrKe I) Sl a4+ ((PIx(A{JIK L) *%(3e/20 ))*GAM*GAM)/(léo*(1.-(A(de0I
1)) N /TANGBIJUK» 1))
62 C(JrKeI)=SQART(ABS(DELO(JrKeI)))
D(JeKyI)=(CIUrKy I I (SIN(B(JrKP 1))
IFCABS(D(YsKrI))=14)63063¢64 £
o4 START=START=e1
IF(START)6251625065
625 COMG(UrK1)3,33333333 ~
GO TO 2004
63 F(JrKyI)ZPI=ASIN(D(JrKe 1))
BETA(JrKrI)=(24/P1)x(F(JeKo 1))
FL(L)=(OMG(JrKr 1))/ (ABS(=1+*BETA(J K'I)))
23 X(L+1)=F1 (L)
24 X{3)(X(1)*F1(2)=X(2)*F1(1N)/{(X(1)=F1(1)=X(2)+F1(2))
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AldrKs I)Z (8 ¥PI#RAHRTOXCK) / (RI®X(3)%X(3))
BOJrKeI)ZeB%PI%SGRT(A(JIKS 1))
IF(A(UIKsI)=14)66167166
66 C2=2.%%28
IF(B(UrK»I)=C2)5601 242404
67 DELO(UIK» 1)L o+ (PI*PI*GAN®GAN) /64 o
60 TO 68
660 DELO(J:K:I)21.+((PI*(A(JrK'I)**(3q/2o))*GAM*GAM)/(160*(1.“(A(derI
L)) )/TAN(B(UIK 1))
68 ClJrK»II=SART(ABS(DELO(JIK 1))
COUrKa II=(CUUrKy D) )% (SIN(B(JIKPI)))
IF(ABS(D(JIKrI))=14)69+r69+26
69 FOJrKr1)ZPI=ASIN(D(JrKeI))
BETA(JrK» I)Z(2./PL)*(F(JUrK»1))
FL{3)=(OMG(JrKsI))/(ABS(=1+*BETA(JrKeI)))
D1=X(3)=F1(3)
IF(ABS(X(3))~1000.)6909694 2654
690 IF(ABS(X(3))=1004)692+1693+693
692 Cl1=,001
60 TO 695
©G3 Clz,.01
: GO TO 695
694 Cil=.1
695 IF(ABS(D1)=C1l)25,25¢26
26 X{1)=x(2)
Flll)=F1(2)
X{2¥)=X(3)
F1(2)=F1(3)
STARTL=START1+1,
IF(START1=1000.)24224,204
204 AldyKe IIZ(Bo*¥PIxR*HXTOXCK) /(RI*X(3)%X(3))
IF(A(UPK»I)=1.,0)630,504,504
630 BlJsKrI)Z(8exPI%xR*H*XTOXCK)/(RI)
CUUrK I)=SART(B(JIKP 1))
C3z.01
IF(ABS(C{UIKPI)=X(3))=C3)6311631+632
631 COMG(urKrI)=.8858R2888

GO TO 2004

632 COMG(JUrKrId)z=ell111111
GO TO 2004

304 COMG(doKvI):.77777777
GO TC 2004

404 COMG(JWrK» 1)1=.999999G9
GO TO 2004

25 COMG(JUrKrI)=ABS(X(3))

IFCA(UIKPI)=14)20049504,504
504 CONMG(UrKrI)=e666606666
2004 CONTINUE
22 CONTINUE
WRITE (60101) /
WRITE(6,109)
DO 27 J=2M
DO 27 K=z2!N
Jlzd~-1
Ki1ZK=}
WRITE {erl02) J1rKLr (COMGCJrKeI)9I=103)
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27

28

29

CONTINUE

DC 28 uz=2'M

CO 28 Kz2¢N

DO 28 1I=1i:3
COMG{usKeI)=ONG(JIKr 1)
CONTINUE

WRITE (6,101)

WRITE (60110)

DO 29 J=2M

00 29 Kz=2¢!N

Jlzd=1

K1ZKe}

WRITE (60102) J1eK1o(COMGKUIK»I)pIzZ103)
CONTINUE

WRITE (60101)

WRITE (60111)

RETURN

END
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&l FOR UNST12

C

OO0

101

102
103
104
105

30
31
3G0

32

325

33

36
37

SUBROUTINE FOR UNSTABLE VALUES OF THRUST FREQUENCYr EQUATION (1l0.2
1-37)

NASA CONTRACT NAS8-11255 "' CANGITUDINAL VIBRATION RESEARCH)
SUGROUTINE FCR UNSTABLE VA-UES OF THRUST FREQUENCY» EQUATION (92).
CONSILERATICN OF THREE (33 CASESe INVOLVING 900 VALUES.

SUBROUTINE UNST12(PIsRyHeTOICKIRIYGAMosOMGoMIN)

DIMENSICN ONG(20+20+3) 9COMG(20+2003)¢A(20+2003),E(20020,3)»DELO(20
1020+03)0C(20020¢3)+s0(2002003)2F{2002003),BETA(20,2003)F14)oXx(4)
FORMAT (20X+30HTABLE COF UNSTABLE VALUES OF THE THRUST FREQUENCY FO
IR EQUATION (92), RAD PER SECer// 14X e20J, 24X 26K, »8Xs XOHCOMEGA (1)
210X» 10HCOMEGA (2)210X»1Q0HCOMEGA (3) /7))

FCRMAT (215, 3E20.87/) '

FORMAT (20X»33HFIRST CASEs LUWER CASE M EGQGUAL 1.://7)

FORMAT (20X»34HSECOND CASEs» LOWER CASE M EQUAL 24¢/77)

FORMAT {(20X,33HTHIRD CAGE, LOWER CASE M EQUAL 3.0//)

00 1 u=1leM

CO 1 K=1sN

DO 1 I=1.3

COMG(JeKri)z0.0

CONTINUE

0O 2 J=2N

00 2 K=2+N

BO 2 1=1+3

START=Z.1

START1=1.

XCL)=SSTART*(OMG(JUrRe 1))

DO 3 L=102

AldrKe IIZ (8 *PI#R¥HXTO*CK) /(RI*X (LY %X (L))
BOJrKr1)ZeS%PINSQRT(A(UIK2I))

IFCA(UIKsI)=»i4)30+31¢30

C2z2,%%28

IF(B(JrKrI}=C2)300,301»301%

DELO(U oK I)SL e+ (PI*PIXGAM*GAN) /64,

GO T¢ 32

DELO(UrK e D)zl o4+ ((PIk(A(IrKoI)*¥(3¢/2¢) ) %GAMKGAM) /(16 ek (1o=(A(JrKr i
IV /TAN(BLUIPKYI))

Cle - TISSART(ABS(DELO(JeKeI)))

Dldsr 3= (ClUsK 1) )*{SIN(B(J2KeI)))

IF(ABSIU(UIR21))=34)033033034

START=START+.1

IF(START=1.0135,35,325

COMG(UsKI 1) =0 333333533

GO 70 2431

FlJrKr I)ZASINID(JIK 1))

BETA(UrKr 1)z (2e/PL Y% (F(JrKe1))
FLL)=(OMG{urKe I} )/ (ABS(2=BETA(JIK,I)1))

X{L+1)=F1(L)

XAB) = (XCL)*FL{2)=X(2)*F1 (1)) /7 (X(1)=F1l{l)=X(2)+p1(2))

ACJrKe 1) = (8o *PIxR*¥H*TO*CK) /(RKIX*X(3)%X(3))

BOJrKe I)Z,5%PI%SQRT(A(J /K I))

IFCA(JPK»I)=14)36+37136 ‘

C2=2.x%28

IF(B(JrKeI}=C2)360,401,401

QELO(UrK» 1)L o+ (PI*PIXGAMXGAM) /64



GO TO 38
360 DELO(UrK Il a# ({PIk(A(JIK»I)%%k(34/2, ))*GAM*GAM)/(16.*(1.-(A(JoKvI
1Y) IV ) /TANIB(JsKes 1))
38 ClUrK»I)=SCRT(ABS(DELO(JIK 1)) )
DOUrKr DI =(CHUrK, I )% {SIN(B(JIKsI)))
IF(ABS{D(JsKI I} )=14)39+39,86
39 FUJrKe I)ZASINID(UIKII))
BETA(WiK»I)Z(24/PI)*(F(JrKe 1))
F1(3)S(ONMG(UrKrI))I/(ABS(2e=BETA(JrKsI)))
D1=X(3)=F1(3)
IF(ABS{X(3))=1000.)390, 354354
390 IF(ABS(X(3))=100.)352¢353+393
392 C1=.001
GG TO 395
393 Cl=.01
GO TQ 395
394 Ciz=,1
395 IF (ABS(D1)=Cl)5:506
6 X(1)=x(2)
F1(1)=F1(2)
X(2)=X(3)
Fi{2)=F1(3)
START1=START1+1,
IF(START1~1000.)4s4,201
201 Al Ko I (8o *PIxR*H*TO®CK) /(RI*X(3)%X(3))
IF(A(UIK»I)=1,0)330+501,501
330 BUJrKsI)Z(8e*PI*R¥H®TO*CK)/ (RI)
ClUrKrI)=SQRTIB(JrKs 1))
€3=,01
IF(ABS{C(UIKII)=X{(3))=C3)331+331,332
331 COMG(UrKeI)=.88888888

GO T0O 2001

332 COMG(uUrKeI)=el1111111
GO TO 2001

301 COMG(UPK»1)=,77777777
GO To 2001

491 COMG(urK?1)=2439559999
GO TO 2001

S COMG(UeKrI)ZABS(X(3))

IF(A(UrK?2I)~1,)2001+501,501
501 COMG( (UK 1)z 66666666
2001 CONTINUE
e CONT INUE

WRITE (60101

WRITE (601035)

DS 7 J=2M

UG 7 K=2/N

Jizde}

KiZKe] .

WRITE (60102) J1rK1p(COMG(UIKITI) 2 I=103) 7
7 CONTINUE

DO 8 u=2M

DO 8 Kz=2!N

CO 8 [=1+3

START:.()

STARTl:lo



43 X(L)SSTART*(ONMG(JrKeI))
. DO 9 L=is2
AldsKrI)= (8o #PI#R¥H*TO%CK) /(RIxX (L) %X(L))
BlJrKeI)Zo5xPIXSGRT(A(U Ko 1))
IFCA(UIRK 1) =14)400842040

40 C222,%%28
(F(B(JKsI1)=C2)400,302,302

41 DELO(JrKeI)ZLe+ (PI¥PI#GAM*GAM) /64
GO TO 42

400 DELO(WeKeI)ZL o+ ((PIXCA(JIKoI)*%(34/2¢) ) %xGAM*GAM) /(16 e*(Le=(A(JrK? I
LIV )/TANCB{JIK)I))

42 C(UrKr I)=SQRT(ABS(DELO(JrKeI)))

DUJeKy D)= (C oKy I} I {SINI(B(IrK» I M)
IF(ABSID(JrKeI))=14)43043044

4y START=START=.1
IF(START)IU251425s45

425 COMG(urKrI)=e33333333
GO TC 2002

43 FIOJrKpI)ZPI=ASIN(D(JIK»I))
BETA(JrK» I} =(2./P1 )% {(F(JrK»I))
FI{L)=(CMG(ueK2»I) )/ (ABS(BETA(JIK»I)))

9 X(L+1)=F1(L)

10 X(3)S(X(LI*FL(2)=X(2i%F1{1))/{(X(1)=F1l(1)=X(2)4F1(2))
ACUrKrI)= (8o *¥PIxR¥HXTOXCK) /(RI*X(3) %X (3))
BlJsKrI)=eS5*PI*SGRT(A{J/KI))
IFCA(JIKII)=1a)46047 040

4o C2=2,%*28
IF(B(JerK»I)=C2)u4560:,4020402

47 DELO(JeKo D)Ll e +{PI*PIXGAMXGAM) /64,

GO TO 48 _

460 DELO(UPK»I)SLe+ ((PI%(A(JrKrI)*%(34/2¢) ) *GAM*GAM)I/ (16e%(1lo=(A(JrK? I

1)))))/TAN(B(JrK»1))

43 ClJdrK+ I)=SART(ABSIDELO(JIKPI1)))
DUdaKyI)S(C(JrKy D)) R{SINIB(JrKe1)))
IFLABS(D(JrKeI))=14)43949,512

4g FOd:RK»I)=PI=ASIN(D(JrKP 1)

BETA(I K»IIZ(24/PI)*({F(JoKeI)}
F1(3)=(OMG(JdrK»I))/(ABS(BETA(JIKII)) ) .
D1=X(3)=F1(3) .
IF(ABS({X(3))=1000.)490,594,494

490 IF(ABS(X(3))=100.)6492,4G3 1493

492 Cl=.,001
GO TO 495

493 Cl=.01
60 TO 495

494 Ciz=,1

495 IF{ABS(C1)=Cl)1l1s11sl2

12 K{ilyz=xia:

Fiil)yzFl1:2)

Aie)lzx(3) /7
F1(2)z=F1(3)

STARTISSTARTL+1,

IF(START1-1000.)10+10,202

202 AlUsKe Iz (8 kPIxR*¥HXTO%CK) /IRI*X(3)%X(3))
IFCA(JrK»I)=1,0)430,502,502

430 B(JrKrI)=(8e*xPIxR*H*TO*CK)/(RI)
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g\doK I)-SGRT(B(dtK»I))
\J".O‘
IF(ABS{C(UIReI)=X(3) )} =CEIG43L 04310432
431 COMG(JrKeI)=e88858888
GO TQ 20Ce
432 COMG({JoKrI)=0ll111123
GO TO 23002
302 COMG(UeKeI)=a 77777777

GO TQ 2002

402 COMG({UrKrI)=468999999
GO TO 2002

11 COMG(ueKeI)ZABS(X(3))

IF(A(JrKsI)=1.4)2002+502,502
502 COMG(UrK1I)Ze66666666
2002 CONTINUE
8 CONTINUE
WRITE (6+,101)
WRITE (6.104)
00 13 J=2M
CO 13 K=2/¢N
J1sd=1
K1ZK=1
WRITE (60102) J1sK1p{CONG(UIK»I)0I=103)
13 CONTINUE
DC 14 Jz=aM
CO 14 Kz=2»N
DO 14 I=1+3
START=W
STARTL=1.
55 X(LI=START*(OMG(JrKe 1))
0O 15 L=1»2
ACJrKr D)= (8o ¥PI4R¥*HAXTOCK) Z(RI*X (L) %X (L))
BJrKr 11 = S4PIxSQRT(A(U,Ke 1))
IF(A(UrKeI)=1.750+51¢50
50 Caz2,+%28
IF(Blurke1)~C2)500,3035,303
S1 DELO(UoKpI) =l e+ (PI*PIxCAMRGAM) /6
GC TQO 52
S00 DELOCGUPK»Z 22 e+ ({PIx{ACUIKII)*%(30/20¢) ) %CAMXCAM) /(16 (1e=(A(JIKr]
1)) )Y /TANIBL{UIK, 1))
S ClUrKo I)=SART(ABS(DELO(Jr K1) )
DU Ka I)=(CUUrKy D)) {SIN(B (KT )
IF(ABSID(JIRKe 1) )=14)53+53054
ok START=START+.1
IF(START=1.0)85,85,52¢2
825 COMG(UrKr1)Z433333330
WRITE(E 400 Uik Zr AT Ko D) 1B (UsKe I) o C(JrKypI) 9B(JoKaI) o DELO(UrKe 1)
4001 FORMATIIX,»315+5E1248)
6O TO 2003
93 FidrKp I)SASINI(D (UK 1)) 7
BETALG /Ko I)Z(24/PL)%(F(JrKo1)) -
FLIL)=(OMG UK I) )/ (ARBS(2¢tBETA(JIKY I)))
15 X{L+1)=F1(L)
16 X3z (X(L)*FLl(2)=X{(2)*F1(1))/(X(1)=F1l(1)=X(2)+F1(2))
ACJrKeI)S(8e*PI*R*¥H*TOXCK) /(RI*X(3)%X(3))
B(urKp D)= S*PI*SGRT(A(UIKI))
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IF{A(UIKI)=1.)56¢57¢56
56 C2=z2,%%28 |
IF(B(JrK»I)=C2)560.403,403 !
57 DELOGU» Ks I) =Ll o+ (PI*RPI*CAMKGAM) /04 o ‘
GO TO &8
560 UELO(J&K'I)21.+((PI*(A(J'KOI)**(3¢/2.))*GAM*GAM)/(léo*(lo’(A(J'K'1\
LiIYity/TAN(B(JIKy 1Y)
58 Cldritr II=SART(ABSI(DELC(JrKeI)))
DUUrR e 1IZ(CUr Ky 1) I (SIN(B(JIKIIN)))
IF (ABS(D(Srnel))=~14)58+59,18
29 FUOJdrKe IIZASINID(JIKOI))
BETA(UrKrIiz(24/PL)*(F(JrKsI))
F1{3)3(OMG(UrK»I))I/(ABS(2.+BETA(JrKeI)))
D1=X(3)=F1(3) }
IF(ABS(X(3))=1000,)590+,5941594
560 IF(ABS(X(3))-1004,)592¢5G39583
5G2 Ciz.001

GO TO 5S5
593 Cl=.01

GO 70 595
594 Ci=.1

565 IF(ABS(R1)=C1)17+17018
18 X(lyz=x(2)
Fl{l)=F1(2)
X{2)=x(3)
F1{(2)=F11(3)
START1ZSTART1+1,
IF(START1=-1004)16+,169203
203 ACUIK IS (B e ¥PIxREH*TOXCK)/(RI*X(3)%X(3))
IF(A(JrK»I)=1.0)530+1503,503
530 BlJdesKeI)Z{8+*%PIxR*¥H*TOXCK)/(RI)
ClUrK»I)ZSARTIB(JIKeI))
C3z.01
IF(ABS(ClUrK e 1) =X(3))=C3)531+531,532
531 COMG(U1K»I)=.885886868
GO TO 2003
532 COMG(uUrKeI)=oli3111i1
GO T0O 2003
303 COMG(uUsKe 1)z 77777777
GO TO 2003
403 COMG(JeK11)=:.669659S9
GO TO 2003
17 COMG(JPKPI)=ZABS(X(3))
IF{A(JrKerI)=14)2003+503,503
503 COMG{JrKrI )= 666606666
2003 CONTINUE
14 CONT INUE
WRITE (6¢101)
WRITE (6+108)
DO 1G J=2¢M ‘
DO 19 K32,N 7
Jizd=-1 :
Kl=K=1
WRITE (60102) J1eK1e (COMG(JrKrI)pI=103)
19 CONTINUE
RETURN
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FI FOR -UNSTL13

C

C
C

104
105
106
107
. 108
109
110
111
1000
103

20
17

13

501

500

SUBROUTINE FOR UNSTABLE VALUES OF THRUST FREGUENCY.» EQUATION (10.2

1-39)

NASA CONTRACT NAS8~11255 (LONGITUDINAL VIBRATION RESEARCH)
CONSIUDERATICN CF THREE (33) CASES: INVOLVING 9900 VALUES.
SUBROUTINE UNSTI13(RPI+RAsH2TO:ONGeMeNeEFTI)

DIMENSION ALPH{4) o X(4)»F1(4),0MG(2002003),COMG(10000) ¢BETT(4)
FORMAT (415+3E20.877)

FORMAT(U4IS»&8XrAS»15Xr A5, 15X1AS//)
FORMAT(4IS»EXeAS»15XsAS»7X01E20.8//)
FORMAT(UIS»B8XrASr7X»1E20.8¢8X0A5//)

FORMAT(L4IS 8X9sAS»TX»2E204877)
FORMAT(4IS,1E20,8¢18X1A5,15X»A5//)
FORMAT(4IS,»1E20,8¢8X0rASs7X0120.877)

FORMAT(LIS 2E20.8¢8X0A5//)

FORMAT(1Xs1220.8)

FORMAT (20X:80HTABLE OF UNSTABLE VALUES OF THE THRUST FREQUENCY FO

1R EQUATION (13), RAD PER SECer//14Xs2HJp23X02HK, +3Xe2HRr ¢ 3Xs2HS» v 8
1X,10HCOMEGA (1),10Xr10HCCMEGA (2)+10X+s10HCOMEGA (3)¢//)

INTEGER TrR1S9S1rS21JKISZr ICKISFIYeX20P 40
REAL MEY NMEXNMEV)MEW MEUPMEZ

REAL INFIN

BATA INFIN/SHINFIN/

D0 4 uz=2W

OO 4 K=2¢N

00 4 I=1.3

DO 4 R=1+3

T=5

C4=1,0E+6

Siz2#7+}

Szl

IUKISF=O0#S 1% (J=]1 ) +9%S1%x{K=1)+3*S1*I+S1*R+S=103%S1
VKIS IJKISF

S=S=(7V+1)

IF(OMG UPKe1)=1,0)019¢20520
IF(ABS(CMG(urKr»I) ) =1440717028118
ALPH(R)=0.,07

MEV=TQ

MEUZH

MEWZE

MEX=7T1

MEYz=RA

00 & L=1»2
XALIZONMGlJrKe £) /ABS(ALPH(R) +FLOATIS))
MEZSX (L)

START1I=1.0

MEL=0

CALL BEAM  (MEV,MEUIMEW,MEXeMEY  MEZ/BETT OMGZ;NEl ME2)
IF(X(L)-E 0*xQMG21 12912013

CALL SZRT (ALPH.BETTIMEZ2)
Fl(L)ZOMG(doKnI)/ABS(ALPH(R)+FLOAT(S)L
IF(FL(L)=C4)500,501,501
COMG(JUKIS)=F1{L)

GO TO 14

X(L+1)=F1 (L)
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510
512
513
S1l
519
518
S5

515

Sleé

517

e’

523

520

21

39
40

CO 6 R=1:3

CO 6 s=1+51

JiTd=]

KisK=1

S2z8=(T+1)

YooxT+3+2

XZ=12*T+642Z

IF{COMG(Z)~CH)511+511+510
IF(COMG(Y)=C4)51305121512
IF(COMGIXZ)=Cl4)515+514,514
IF(COMGIXZ)=C4)5171516r516
IFICOMG(Y)=C4)519¢518¢518
IF(COMG(X2)~Cl)521+520¢520
IF(COMBIXZ)~=CY4)8523+5220522

COMG(Z)=INFIN

COMG(Y)=INFIN

COMG(XZI=INFIN
WRITE{S+105)JL1sK1eReS2,COMG(Z) 2»COMG(Y) +COMG(X2Z)
GO 70 7

COMG{ZI=INFIN

COMG(Y)=INFIN
WRITE(Gr106)J1sK1eReS2,COMG(Z) rCOMG(Y) 2 COMG(X2Z)
GO 70 7

COMG(Z)=INFIN

COMG(X2)=INFIN
WRITE(60107)J1sKLrReS21COMG(L) 2 CONMG(Y) 1 COMG(X2Z)
GC T0 7

COMG(ZISINFIN
WRITE(62108)J1+KLIR»S2+COMG(Z) »COMG(Y) »COMG{X2)
GC TO 7

COMG(Y)=INFIN

COMG(XZIZINFIN
WRITE(6r10G/JlsK1rReS2/COMG(2) 2 COMG(Y) rCOMG(XZ)
GO TO 7

COMGI{YIZINFIN
WRITE(60120)JL1sK1rR»S2)COMG(LZ) +COMGLY) rCOMG(XZ)
GO 7O 7 .

COMG(X2ZJ)ZINFIN _ '
WRITEZEGL v L21)UlrK1eRIS29COMG(L) yCOMGLY) »COMG(X2)
60 To 7
WRITEZ(62104)JUlsK1rRPS2,COMG(2) 1COMG(Y) P COMG(X2Z)
IF(S=51)38139+38

I (R=3138140+38

LTi+GG¥K1+49G0% (Jim=1)

GO TC ©

2z=2+1

CONT INUE

RETURN

END
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490
452
493
BGY
495

10
410

15

o02

390
392
363
<94
395
11

406

el
401
16

12

19
503

18
201

200

14

M x

CONT InuE

TEALALS kIS =10004048805 598,494
IFTALSIX{3))=10004892e5559493

Cilz. 001

GO TU &95

Ci=,0:

GO TU &S5
IFCABOIX(L)=F1(1)1=X(2)+F1(2))={ ;919,20

X{E) = (XK(L)*FLl(2)=X(2)%FL L))/ (A{L)=FLll;=X(2)+F1v2))
MEZ=X(3)

CALL EEAM  (MEV,NEUIMEW MEXeMEY ) MEZ,EETT»OMG2/MEL 1 MEZ)
IF(X(3)=2,0%08G2)12¢12:15

CALL SCRT (ALPH,BZTTvME2)
F1(3)=ONG(JeKeI)/ABS{ALPH(RI¥F.CAT(SI)
IF(F1{31=C4)502,503:+503

Ci=X{(3)~Fi(3)

IF (AESIX(3))~1000.339093G4%v394%
IF(ABSIX(3))=20040352013630353

Cl=.u0L

GO TO 395

Ci=eQ

GO0 7O 3%5

Cilz.i

IF{AESICII=CLl)9,G0501

Xii1y=x{a)

-1 (1)=F1{2)

{2)zA{3)

1{2)y=F1{3)

TARTIZSTARTi+L,

IF(STARTLI=5.,0):0,1G,21

MEl=Mp i+l

IFINMEL=10)10¢100%6

CoMG(UKISI=, 22222222

GO TU 14

COMG(uUKISI=, Lol 1its

WIRITE(S: 1000, ovee
GC 7¢ iw

COMG(WKIS)I=,Lo0(p0000

GC TO 14
COMG(JKIS)I=F I3
GC To i4

IF(S)2060:22.0200
CCOMG{UKISzLul00000.
GO T7O 14
COMG{UKIS Z0mMG JeK e I)/ZARS(FLGAT(S))
GO V¢ 14
CCruidiliSizad)
Szu - {T+2)

ConTinug
WAIT2(67,103)
Siz2%xi+il

Z=1

UG & J=2eM

0O 6 K=&sN
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35

36

38

39

40

S0

&I FOR SORT

SUBROUTINE SORT (AL~ -BETTME2)
DIMENSION ALPH(K) 2L v i4)
PI=3,141592654

IF(ME2) L1022
ATABETTUL)=BETT(2329304
IF(BETT(L)=BETT(3))5+5¢35
IF(BETT(1)=BETT(3) 13603616

IF(BETT(2)=BETT(3))39¢3G+40

IF(BETT(2)-BETT(3))33+33+38
IF(ABS(BETT(L1)=BETT(2))=+00003G)31vikar bl

AF(BETT(1)=BETT(2))30,31s32

IF(ABS(BETT(L)=BETT(3))~.C00009) 33042042
IF(BETT(L)=BETT(3))34+,32¢33
IF(ABS(BETT(2)=BETT(3))=.000039)35+43043
IF(BETT(2)=BETT(3))35¢35+36
IF(AGSIBETT(1)=RETV{3) )= 000009)33+135¢35
IF(ABS(BETT(L)=BETT{(3))=,0300U09) 3844k 4y
IF(BETTIL)=BETT(3):133¢380¢37
IF(ABS(BETT(2)=-RETT(3))=+000009)3%+45+45
IF(BETT(2)=BETT(3)i39,3G+40
ALPH(L)=BETT(L)Y /(2.0%P1)
ALPH(2)ZBETT(2)/(240%P1)
ALPH(3)IZBETT(3)/{(2.0%P1)

GO TO 50

ALPH(L1)ZBETT(2)/(2.0%P])
ALPH(2)I=BETT(3)/(2+0%P1)
ALPH(3I=BETT(1)/(2+.0%P])

GO TO 80

ALPH{L)=BETT(3)/(2.0%P1)
ALPH(Z)ZBETT(2)/(2.0%PI)
ALPH(3)=BETT(1)/{(2.0%P1)

GO TO 50

ALPH({LI=BETT(1)/(2.0%P1)
ALPH(ZIZBETT(3)/(2.0%P1)
ALPH(3I=BETT(2)/7(2.0%P])

GO 70 50

ALPH({LI=EBZTT(3)1/(2.0%P])
ALPH(2)=0ZTT(1)/7(2.0%P1)
ALPH(3)=EE7T(2)/(2+.0%P1)

GO T 50

ALPH{LISBETT(2)/(2.0%PI1)
ALPH(ZIZBETT(L)/(2.0%P1)
ALFH(3)=BETT(3)/7(2.0%P1)

CONTINUVE

MEZ220

«Z TURN

wnl
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hl- FOR BEAWV

C SUBPRGGRAM BEAM

SUSROUTINE GEAM {MEVIMEUPMEW ) MEX MEY ' MEZ»BETT»OMG2yME1/ME2)
CIMENSICN RUS)eB(T)PH(S) vSPHIS) 2»LPHG (S
DIMENSION F(313):6(828) H(S»598)rRTR{8)» RTI(8)
CIMENSION FF{(3r3)sFG(8r8)YrFH(5¢8+8)
CIMENSICN BETT(4)

INTEGER SePaQ

REAL MEY MEX»MEVIMEW I/ MEU/MEZINES/MET
FORMATI(I3+3E70,1E1240030X)

FORMAT (4E12.0024X)

FORMAT{BEL2.0r12X)

FORNMAT(3EL12.,0036X)

NzZ

XGZ4(0.5

Pl=1,.,0

S1z5.u

P1=3,164815S2¢54

R(1)=4.7300408

R{2)=7.8532040

R{3)=z10.9656078

R{4I=14,337.c55

R(5)=217.27875%64

B(l)==0,9825022

B(2)z=1.0007773

B(3)=~0.999568645

Bl4)=~1.,0000014%

B(5)==0.99969953

PH(‘L):Z.O

PH{2)==2.0

PH(3):2eO

Pr{g)z=2.0

PH({%)=2.0

CPH({1)=28.294553

CPHi2)==15,71858

BPH(3)=21.96045

DPH{4)==28.27433

DPR(51=34,55751

OPHG{1)=+0.0

CPHG(2)=+10.80086

CPHG(3)=+0.0

BPHG(4)==20,017144

DPHG(3)=+0.0

FGZ1,0

CMEGL=+100.0

C-liGg=MEZ

T AZHUL0

SoClz=+1.0

CAVIMAZ+0.05 7
METzMEVARY , OxMEUXMEU
MESEMEVW*P I *MEX*MEY*MEY*MEY

TO=MET/MES

LV = ¢

@ T FQ t+ 5
P = p1

NSO w

117



FSPC = SPC
FGAMMA = GAMMA
FOMEGL = COMEGL

N1 = n+1
CALL COEF (ReBrPHWyCPHoaNIPIIXGrSPC,TO,OMEGB 1 GAMMAPETAYPrQrS» 0

IMEGL )LV GA»F 1GrHeOPRG)
00 10 Jz=1isNl1
DO 10 K=Z1,N}
FF{JsK) = FlJrK)
FG(UrK) = G(JrK)
DO 9 ]=1.5
9 FH{IpJeK) = FA{IeJdoKi
10 CONTINUE
95 CONTINUE
TORG4 = TO/R(1)*xy
CO 13 J=1leNZ
DO 13 K=1l+sN1
FIJrK) = TORY#EF (UKD
G{JrK) = TORG*FG(JrK)
IF{JJEG«{N+1)) GO T0O le
IF(J.EQK) FlusK) = FIJsK) + (ROUI/R(L) ) *x4 = (ETA*ETA)/4.0
16 CONTINUE
GO 12 I=1.5
12 HEL1,UusK) 2 Fr(IJeK)*TORY
13 CONTINUE
CALL RESSEN(FeN1)
CALL GREIG{F/NLI/RTR/RTI,O0)
NIMI = Ni-2
DO 11y I=l.N1M1
IPlL = I+1
DO 11u J=IP1eNl
IF(RTROLV=RTR{J)Y) 110+,11G+120
120 TEwP = RTR{1)
RTR(I) = RTR{J)
RTR{J) = TEMP
110 CONTINUE
OO 130 Isl.nl
130 RVR{L) = SARTIABS{RTRIIIN
CrvGzz=RTR(2)
LU 14 J=1aNG
CO 14 K=ZleiNi
F{JrK) = TOr4*xFF{JirK)
iF(U,EC-(IN+1)) GO 70 1y .
IF{JseGaRIF(JrK) = F(JrK) + (R(JI/R(1))x*l4 = AETA*ETA) /4.0
4 CONTINUE
27 FORMAT( 8X7H{GANMMAZFY 20 4Hr NZ2I1e8H, OMEGL=F6.3s6Hr ET
1AZF G 3016He SPCZFSe2¢5He XGzF3els1H)/)
90 FORMAT (15X3HTO »8XSHFREGQ(I1r1H) v 8XSHFREQ(I1,1H) +8XSHFREQ(I1»1H
1)7) ’
40 FORMAT(13Xr1F54103F15.6//)
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85 CCNTIWUE
501 FCRMAT {i:1;
502 FORMAT{//22XK121HCHARACTIRISTIC VALUES/22X»4H(TO=FG e r4H LV=I1s4H G
. lAZFG6 .30 1H))
503 CONTIRUE
004 CALL STAB (Re3spHDPHINIPZ 2 XGC:SPCTO/OMEGB,,GANMAPETAPrQrS1OMEGL P L
IVIGAsF 1GeH s UPHG ITS 1 STAB2vBZTTIMEL #4227
RETURN
END
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264
251
280
100
252
250

2

21
22

GO 70 2z0
GG{1)=KOUTR(J)
GG(2)=CKCON
GG(3)=CKCON
Jd(l)==2
Ju(21=260
CC(1)=1.,0E~.5
CCigi=7sUtTauwiu—?
AA(L)=A(L)
AA(2)=ALS)
AA{3)=A(2)
AA(L)=A(])
CALL ROOTS (AA»GG»3vddr CiX)

ROQTR(JI=REALIX{L. )

IF(ROOTRIJ)=CKION 251+252:25¢
BETT(J)SATAN(SQRT(1.0=RCOTR(wi*»ROOTR(J))/ROOTR(Y))
IF(ROUTR{J)Y)I280,2500250

ME2=1

FORMAT(1Xe1l20483

GO0 70 250

BETT(J)SATAR(SGRT(Le0-CRCON®CKCON) /CKCON)

CONTINUE

RMAX = AMAXL(RMCCI{(1)eAMODL1(27 v\ "C01(3)RMOD2(1) /RMOD2(2)
IRMQDZ2(Z))

STAB2 = ALOG{(RMAX)I*OMEGH/PI

STABL = STAB2 -~ LETA

IF(STABL = ,lE=-6) 1ele2

IT6 = 1

GO TO 3

ITs = 2

FORMAT(L1X6HCNMEGB=F6+395X6HSTABLE)
FORMAT(LAXORONMEGBSF 6«3 ¢ SXBHUNSTABLE)

CONTINUE

RETURN

END
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GI FOR STABH

111
1000

271
273

270
253
as4
260
<59
263
256
255

PROGRAM TC CALCULATE STAGILITY CONSTANTS OF A UNIFORM BEAM SUB-
JECTED TO A PERIOUICALLY VARYING THRUST WITH DIRECTIONAL CONTROL
SUBROUTINE ST . (ReBePH,CPHyN/PI1XGeSPC,TO,OMEGB»GAMMA Y ETA!P Gr5»0
IMEGLyLV2GA+ Grpip DPHGY ITS»STAB2 +BETTeMEL ) ME2)
CIMENSIGON A(7)y ROOTR{B)Y» ROUTI(G)
DIMENSION OT(6) ACHE(G)» Y{(&) W(B)
DIMENSION R(5)vB(5) 1PH(S)»DPH(5) +1DPHG(S) ¢ F(303),G(8+8)+1H(5¢8+8)
DIMENSION RMOC1(6)RMOD2(6)
DIMENSION BETT(4)
DIMENSION AA(S1)eGG(S0)»X(50)sCC(2)rJdJ(6)
COMPLEX AA»GGe X
COMPLEX CZ+CARG1/CARG2yCSQRT
INTEGER PGS
CKCON=+999G9658
Nl = N + 1
IF(SPC+EQeO0.0INI=N
CALL DETER (DTrwWeRsBePH,DPHeNIPIvXGeSPCyTO)OMEGBGAMMAYETAIPrQ9S¢0
IVMEGL s LVIGA»F1GrH2DPHG)
D0 5 1I=1.N1
ACHE(I) = PI*SIN(2+%PIaw{I)DT(I)/W(I)
Y(I) = COS(2e*PI*nii;)

CONT INUE
A(L) = =1,
A(2) = Y(1)4Y(2)+Y(3) = ACHE(L)=ACHE(2)=ACHE(3)

A(3)--(Y(l)*Y(2)+Y(1)*Y(3)+Y(2)*Y(3)-ACHE(1)*(Y(2)+Y(3))
1=ACHE(2)* (Y (L) +Y(3))=ACHE(3)*(Y(1)+Y(2)))
Allh) = Y(1)xY(2)*Y(3) = ACHE(1)*Y(2)*%Y(3) = ACHE(2)*Y(1)*Y(3) =
IACHE(3)*Y(1)xY{2)

CALL MULLER (A»ROOTRYROOQOTI3)

0O 111 I=1.3

IF (ABSIROOTI(I))eLTeelE=4)} ROOTI(I) = 0,0

CZ = CMPLX(ROGTR(I)»ROOTI(I))

CARGl = C2Z + CSQART(CzZz*%2=1,)

CARG2 = €2 ~ CSQRT(CZ%*%2=1.)

RMOD1 (1) = CABS(CARG1)

RMODz (1) = CABS(CARG2)

D0 250 J=1+3

FORMAT (1Xe3E20,8)

IF(MELI270+¢270¢271
IF{RCUTR(J)=CKCON)RT7312521252

GG(1}=RCOTR (V)

JUdodrlem (Und=3%J+2) %3/2

GUGT U L= (JJU R gdd=3xJdJd+2 ) *%3/2

GG(2)=RO0OTR (JJu}

GG{3)=ROOTR{JUG)

GO 70 272

IF (ABS(ROOTR(1)~ROOTR(2) )=+ 0000112531254 1254
IF (ABS(ROOTR(1)=RO0TR{3))=,00001)255¢256¢256
IF(AQGS(ROOTR(1)=ROOTR(3))=e00001)25922600260
IF{ABS(ROCTR(2)=RO0OTR(3))=«0u001)26322640264
IF{Jxy=U4xJ+3)257,25%50257
IF(JUxJ=5%J+6)257:255¢257
IF(Jau=3%J+2)257,255¢1257

BETT(J)=ATAN(SQGRYT (1+0~CKCON*CKCON)/CKCON)
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wl FOR DETER
C SUBPRUGRAM TC EVALUATE AN INFINITE DETERMINANT
SUBRCUTINE CETER (DToWsR:E:PRICPhIN:PIeXGrSPC)TOICMEGBIGAMMALETA P
LiQrSICGMEGL LVIGLIFsGaH OPHG)
DIMENSION R(5):B{(5)PH{S}vDPR{S):DPHG(S)
CIMENSICON A(100,100)eDT(6)+F(3:3):G(808)+H(50818)
CIMENSION FF(3¢3)1FG(8s8)1FH(S»813)
CIMENSION W(g)
INTEGER PrQeS
SOMEGE = JMeGE*x%x2
N1z=N+}
IF (SPCWEGe0+0) N1 = N
I = @
G = 1
IF(LY) 11,1211
11 Caibl COEF (RoBsPH,DPHINIPI I XGISPC, TO»OMEGB»GAMMAYETAIP» QS0
IMEGL W LVIGAFF+FGeFHeCPHG)
TCR&4=TO/R (1) *%4
DO 13 J=1eN1
DO 13 K=z1,N1
13 GUUsKISFG(UsK)*TORG
i2 CONTINUE
COL10s I1=1,N1
Wil1l) = SORT(ABS( F(I1,I1) y)/ (OMEGSB )
M1 = (SGRT(ABS{F(NeNII) + SGRT{(/cS(F(I1s11))))/0OMEGD + 1.0
MO= 2xM1+1
L =g
2L =L +1
COL00 Mz=1,¥(Q
DOL00 J=1,Ni
00100 K=1rN}
10 = Ml~L+l
E = ¢
DENOM = =(u(Il) = E)xx2 + Fldrd) )/ (SCMEGB )
IF(Ii.NEey) GO TO 4
IF (L0) 4r30 4
3 DENOM = 1.0
b Uiz g lle=1yxiNg
KLz K+{M=1)x%iNl
A{UlsR1) = 00
IFIL-¥r20:5010
S IF(JU1~K1)55+50,58%
10 IF ([ABS(L=y)~1) 20+60, 20
O IF(QWEQel) GO TO 100
DO 30 I=z1+5
IF(IABS(L=M) sEG.I*Q) A(JLlrKi) = o5*%H{IrJrK)/(DENOMXSOMEGB)
30 CONTINUE
GO TO 100
SO0 AlJl,Kl)= 1
i {11.NEsJ) GO TO 100
IF (1I0) 100,540,100
S A(ULIKI) = Us0
60 T¢ 100
S5 A(JI/K1I)Z FIJIK)/{DENONMXSONEGR)
GO TO 110G

(e



60 A(Jl.K1)= .S*GAM’V"A*G(JIK),/(DENOM*SOMEGB)
100 CONTINUE

IF(L,LT.¥3) GC TO 2

MO = N1*¥MQ

CALL GASDET(A'MO,DET)

DT(11)=DET
105 CONTINUE

@ = Ig

RETURN

END
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bl FOR CCEF ’
’ SUBROUTINE COLEF (ReBsPH,DPHIN P11 XGrSPC,TOOMEGB»GAMMAYETAIP1Q1S0Q

IMEGL LVIGAF e Gr» CPHG)

DIMENSION R(B5)1B(5)ePH(5) s DPH{S) yDPHG(5) ¢A(5B)

DIMENSION F(3¢3)9G(818) (54518 rFJK{8e8)rGJK(818) HIJK(S+8:8)

INTEGER S:PyQ

COMPLEX CI+ZrCGrCCOSICSINICSQRT

Cl = (0.001.0)

NI1zZN+]

SIG = OMEGB/OMEGL

CALL INTEG (ReBrPHIDPHINIPI s XGrSPC,TO»OMEGBrGAMMAYETAIP1G1S+ 0

IMEGL LV 1GArF»GrHeOPHG» FUK » GUK y HIUK)

SOMEGE = OMEGB*%2

X = siI6
C COMPUTE A ARRAY

DO 1 I=1.S

SGNI = (=1.)%x%]

XI=z 1

1 A{I) = 2¢*SGNI%(1.0/XI%*%2 + GAMMA/ (XIkk2=X*%2))/PI%*2

X = PI*SIG

DO 15 J=1rN

DO 15 K=1¢N

10 FlJdrk)= PH(J) %DPH (K ) =FuK (J# &) +SPCHPH (J) *DPHG (K)
11 G(JUrK)= PH(J ) *DPH (K) =6uK (J o K3 +SPC*PH (J) *DPHG (K)
£O 12 I=1.S
XI= I

12 HEI,JoK) = A(D)*{=1.0 )*HIJK(IsJrK)
15 CONTINUE
D0 20 K=1»N

FIN+10K)Z 124% { +D%DPH(K)=PH(K)++5%SPCxDPHG (K) )
GINTLsIK)= 12e% (o 5*%DPHIK)=PH{K)Y+GJK (N+12K) +,5%SPCxkDPHG(K) )
DO 20 I=1.S
Xiz I
20 H{I,N+1/K)= ~A(I)%12.% HIJK(IoN+1¢K)
DO 24 J=1¢N
F{JsN+1)= SPCxPH(J)
G(Jrn+ld= GuUK{JrN+1 I ¥SPCxPH(J)
DO 25 [=1+S
XIi=1

25 H{IsJyN+1)Z(=140 )% ACI)*HIJK(IoJoeN+1)
FIN+1/N+1)Z 6.*xSPC
IFILV)I2T7:26027
26 CONTINUE
GIN+1/N+1)= 12.% (o5=(1eU=COS(X))I/(X*SIN{X))+,5%5PC)
GO 70 28
27 CONTINUE
Z = PI*CSQRT(SIG**2 = CI*GA)
Ce = (140 = CCOS(2)3/7(Z%CSIN(2)Y) y
GIN+1/N+1) = 12.,%(«5 = REAL(CG) + .5%SPQY
28 CONTINUE

00 30 I=1.S
SGNI = (=14)%*]
XI1= 1
SO HOI/N+leN+1)Z 124% (SGNI=1,)% A(I)/(PI%XI)
RETURN
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Wl FOK GASDET

[§)]

[ASEE NN oo

CSUBRQUTINE GASDET(A+N!CET)
DIMENSICN A{i00,100)
EQGUIVALENCE (D.ID) e (ErIE)
CATA 1671207959552/
DET:I.

NIMLZIN=1

DO 2 K=1/,NM]
TEST=ABS(A(KeK}))

KPizK+1

L=K

DO 4 I=KP1sN

IF (TEST«GELABS(A(I¢K)})) GO TO 4
TEST=ABS{A(IK))

L=1

CONTINUE

IF (LEQWK) GO TO 3

00 5 JU=KN

TEMPzZA (L J)

AlLrJIZAIKIY)

A{KrJISTEMP

DET = =~DET

DET=DET*A{K+K)
A(KIKIZLo/A{KIK)

DO 6 J=KP1leN

AlK JIZA(K I ) *A(KeK)
CONTINUE

DO 7 I=KP1leN

FACz=A(1/K)

A{T/K)IZ=A(TI KIKA(KeK)

DO 8 U=KP1l!N

E=A(I )

D=E=-FAC*A (K J)

IF (JABS(IE)I=I1ABRS(ID)«GT+IG) D=0,
Al(Ird}=0

CONTINUE

CONTINUE

CONTINUE

DET=DET*A(NeN)

Rz TUKN

END
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tl FOR INTEG
C SUBROUTINE TO EVALUATE  INTEGRALS
SUERQUTINE INTEGI(R/BrPH,DPHiN/PI+sXGeSPCyTO)OMEGBIGAMMAPETAIP G150
LEEGL I LVIGAIF1G i, DPHG P FUK I GUR s HIUK)
CIMEZNSION R{DI1BI{S) +PH(B)CPRIS) v DPHG(B) 1 F(393),G{8+8)1H(518:8)
DIMENSION FuR(&e8)2CGUK (88 1GUK{Gi3) 2 CHIJK(S1898) 1 HIUK(5¢818)
INTEGER P1GsS
COMPLEX CGUK+CHIJKeCIvCA+CBICERP
COMPLEX CX1+Cx24CX3
SI16 = OMEGB/OMEGL
COMPLEX Z1CGeCCOSICSINICSERT
X=PIxSIG ,
Z = PI*CSQRT(SIG**2 = CI*GA)
B0 31 J=1#N
0O 31 K=1¢N
CGJK‘Q'K) - (0009000)
D04 I = 195
4 CHIUK(IedrK) = (Ce0+0.0)
SGNz= (=1.)%%(J+K)
IF{K=u)2515,710
5 FUK(UrKIZ (B RRIJI/C 015 {B(JI#R{JI=6.0)
GO TQO 15
10 FUK(U»K)IZ (4e2SENHRIJI#RIK)/{IR{K ) =R Uy kxi ) ) (=B {J)*R(K)*%3+5(K)
IAR(J)x%T )+ { (LOO#R{J) %%L4xRIK) %24 ) /{RIK) ¥ & G=RIJ) w54 ) %*%2) %k (SGN~=140)
15 00 20 L=i.4
0O 20 M=1,4
CI: (0@0'1‘0)
Caz R{IJI*CIxx{{ «1) + RIK}%CI#xx(M=1)
CBS (RIUI*R(KI/ZG4,03%iB(J) + Cin&{l=13)%(B(K) + CIx%x{M=1))
IFLvI22121022
21 CONTINUE
CGuK(JrK) = COUK(JrK) + (CB/(CA®¥2+X%%2) )% ((CAXSIN(X)=X*COS(X))*
LCEXP(CA) + XI/SIN(X)
GC TQ 23
22 CONTINUE
COUK(UrK) = COUK(JrK) + (CB/(CA%x2+Z%%2) )% ((CAXCSIN(Z)=2%CCOS(Z) ) *
1CEXP(CAY + 2)/CsinN{Z)
23 CONTINUE
DO 20 I=1:S
SGNI = (=l:)=%]
Y = pIxFLCAT(L)
CHIVKA{I rdr ) ZCHIUR{T o K+ {CaxY/ {CA%®2+Y%%2) )% (14 0=SGNIXCEXP (CA))
20 HIVUK(IswrK) = REAL (CHIJK{IrweR))
CUK(Jrili = REAL(CGUK{JIK))
GO 70O 30
25 FUK(UrK)I= FUK(Kedy
COUK(UIRI= COUK(Kou)
L0 26 I=i»S
CHIUK(I JrK)Z CHIUK{ZpKsd) 7
20 HMIJK{ZIsJrK)IZ REALICHIIK(IndeK))
GUK({UrK)Z REALICGUR{JrKI)
31 CONTInUE
D03 w=isN .
KK = o0/ (R(K) kplypmXHhily)
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SGNK = (=1,)*%K

IF(LY)33+132+33
32 CONTINUE

GUK({ iN*t1eK)Z XKk ( (X*%x3)%DPH{a)* (SGNK=COS (X)) = (Xk*4)*PH(K)*SIN(X))/

1SINIX)

G0 70 24
33 CONTINUE

C6 = 1¢0/(R(K)*%kY = Zkky)

CG =CG*((2%%3)*DPH(K)* (SOGNK=CCOS(Z) ) =(Zx*4)*¥PH(K)*CSIN(Z))/CSIN(Z)

GUK(N+1rK) = REAL(CG)
24 CONTINUE

0034 [=1+S

SGNI = (=1,)*xI

Y = PI*FLOAT(I)

YK = 1e0/(R(K) *xl=Yx%4)
34 HIGK{LoN+1eK) = YK*{V%%3)%DPH(K)x{SONI=SGNK)
35 CONTINUE

0O 40 J=1/N

XJd = 1e0/(R(J)*xkl=Xkkl)

SOGNJ = (=1,)%%J

IF(LV)37¢36937
36 CONTINUE

GUK (U eN+1)Z (=XJ)x{ (X%k2) #TPR{JIHSINIX) +(Xx%3)¥PH(J) *(COS(X) +

1SGNJ) I /SIN(X)

GO TO 38
37 CONTINUE

CO = 1,0/7(R(JY*%y4 = Z¥kxh) .

CG = =CGx(Zx*24DPH{J)*CSIN(Z)+(2*%x3)*PH(J)*(CCOS(Z)+SGNJ))/CSIN(Z)

GUK(JrN+1) = REAL(CG)
38 CONTINUE

DO 3g 1I=1.5

SGN]1 = (=1,)%xI

Y = PI*FLOAT(I)

YJ = 1e0/7(R(J) *x{eYriq)
39 HIJK(IrJdeN+LISYJR(Y%%3)xDPH{W) * {SCGNI=SGNJ)
40 CONTINVE

RETURIN

END
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Wl FOR MULLER

SUBROUTINE NULLER(CCE+RCOTRKO0TTLNL)
DIMENSICN COE(7)»ROCTRIGIWROCTI{G)
N2ZNL+i
N4=z0
I=Ni+1

19 IF(CCE(INIgeT7rS

7 N4=Ng+1
ROCTR(N4)=0.,0
ROCTI(N4)=0,0
Izl-1
IF(NG=N1)19:37r19

9 CONTINUE

10 AXR=(0.8
AXIz0,0
L=1
N3=1
ALPIRZAXR
ALPL1I=ZAX:
M=l
GOT099

1l BETIR=TENMR
BETI1I=TEMI
AXR=0.85
ALP2R=AX
ALP2I=AXI
Mz2
607099

l2 BET2R=TEMR
BET21=TaMl
AXR=0.9
ALP3R=AXR
ALP3I=ZAXI
V=3
GO07099

13 BET3R=TEMR
BET3L=TEMI

14 TEIZALPLR-ALP3R
TEQZALPLI=ALR3I
TESZALPIR-ALPER
TEozZALPI I -ALP2]
TEMZTEDS*TE3+TES*TES
TEIZ(TEL*TES+TE2%TE6)Y/TEN
TELZ(TEE*TES=TEL*TEG I/ TEM
TE?:TE3+1w0
TESCTEI*TEI-TEL%TEG
TE1Oz2.0xTES*TEY
D iS=TET7*BET3R=-TE4*BETA]
DEL6=TE7*BETII+TELG*35T3R

TELLIZVEO#BETRR-TEG*BET2I+EETLIR-DELS
El2=TES*BETRI+TEG*BET2R+EETII-0ELS

TE7=Te9-1.0
TEL=TeO*BET2R-TEL10*BET21
TE2ZTEG*BETZI+TELC*BET2R
TEL3=TELl-BETIR=TE7*BET3R+TELIU*BETII
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200
1il

204
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101

I
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~

TEL4ETE
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—- Ty
I;—‘-u“iJs—lJ\ (.

TEL1=Te 3T ~Tfl»»x;;4~09”
Teez=2.0xTE <TEiu=%0%(TEL
TEMZSURTITELRTEL+TE2*TE2)
IF{TEL}A3e2201122
TELZSQERT (.5 {TeM=-TE1Y)
TEo=o+TE2/0eq

GC TG 11ii
TEIZSGRT (5% {TEM+TEL))
IF(TE2)110,2000200

>

i

TESRTE14+TER
TEY=TEL3=-TES
TELC=TEl4~TEY
TEL1Z2.0%TELS

IF{TE 7> EQ*TEE~TEG%TIS=-TRi0%xT210i204,204¢205
TE?=TES

TES=TEL1IO

TEMZTC/+*TE7TTES*®TLES

TEZ=(TELxTE?TTE2%TZ8) /T

TELZ{TEZRTE?=TELxTEE /Y

AXRZALPIR4TL3*TES=T ks

AXIZALPII+TES*TEOTTRLGx

ALPURZARR

ALPLIzARID

SR )
C
+ -t
(&
O
Rel

Tr(Ad:(hkbb}+HpSa~

PER™ARR A0S e

. e

N v SO . .
(AARITROS AN L im=ivl=Ti.80a0riT

[P, B
! — A D
PR A T iy O o
D N DT e
PR d.\- - o
f . - -
>
FRY 2.\.--»: [ A
R 2
i i
= .
]

R ke A

.

L=
LF (NGw \xluurA7r37
RETURN

-'!
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30
31
ae

33

34

99

100

L2
102

101
103

IF(ABS{ROCTI(NG) )=1,E=5)10,10,33

GO TOLZ24+10G) 4,
AXRZALPLIR

AXIz=ALPL1
ALPllz=~ALP11

Mz=5

GO0 70 99

BETIR=TEMR

BETLI=TEMI

AXR=ALP2R

AXIz=ALP21I
ALP2I=~ALP2]

M=6

GO 70 99

BET2R=TEMR

BET21=TEMI

AXRzALP3R

AXIz«ALP31
ALP3I==ALP3]

L=2

MZ3

TEMR=COE (1)
DO10GI=1siva
TELI=TEMR=AXR~TEMI*AX]
TEMIZTEMIRAXR+TENMRSAXT
TEMRZ Tei+Coz(I+1)
HolL=TEMR

BellL=7EMI
IF{NG)102,103s102
DOLlOY1I=1 NG
TEMIZAXR=ROGTR{I
TEM2ZAXI=ROCTI(I)
TLLRTEMIRTEMI+TEMZRTEMR

L2 (TEMR*TEMI+TEMISTEM2I/TEL
TEMIG{TEMI*TEMLI-TEMR*TEN2)/TEL

TEMRZTER
GO TO(l1012+r33115¢33034),M
LNU
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kl FOR ROCTS+ROCTS

FO0C0 nNOoOoOO

(o NN ¢

SUSROUTINE ROCTS{A»GsNsUsCsX)
ROOTS OF A POLYNOMIAL SUERCUTINE.

DIMENSICN A{B1): G(S50): X{(SC)» AA(SL}s J(&)r C(2)
COMPLEX ArGoX:hne X1 FUNCTY»OERIVeQL»G2
LOGICAL FLOGIC/DLCGICIELCGICIRLOGIC

PROGRAM INITIALIZATION

IF (Jia;.LT.0) GC TO 1004
CONSTL = 1,0E=15
CONST2 = 1.0596381E-7
ALON = 120

GG TO 1003

CONSTL = C(1)

CONSTZ = (C(2))%x%x2
ICON = Ji2)

N2 = N+1

NUM = 1

CO L K = 1ein

ARLK) = A(K)

X{K) = G(K)

AAIN2) = A(NZ)

Ji3) = 0

Ji4) = @

Ji5) = ¢

Ji6) = 9

CALL OVERFL (INDCT1)
I 29

BEGIN COMPUTATICN

4

COMPUTATION OF F(X) AND DERIVATIVE CF F(X)

PDC 5 K = Nepnle—~1
FUNCT = AA(K)} + X{I) = FUNCTY
DRIV = FUNCT + X{I) = DERIV
= AA(NLI=L)Y + X{I) % FUNCT 7

CHECK FOR CVERFLCW IN F({X) AND DERIVATIVE OF F(X)

CALL QVERFL (INDCTI)
IF (inDCTi.EGe1) GO TO 23

.
(€%
No




g9l

OO0

10
il

29

OO0

1012

w

OCOrRrErOQO
o

CHECK FOR F(X) = 0 AND THE DcRIVATIVE OF F(X) = 0

CLO0GIC = JFALSE,

FLOGIC = .FALZE,.

iF (REAL(FUNCT)Y) S1, 91
IF (AIMAGIFUNCT)Y) 9ir 291
IF (NUMJEG.2) GO TC 21
FLOGIC = TwUE.

IF (REAL(DERIV)) G2» G2
IF (AIMAG(DERIV)) S2¢r G2
DLOGIC = TRUE.

IF ((NOT DLCGIC,AND,. +NOTLFLOGIC) GO TO 63
IF («NOT,FLCGIC) GO TO 26
IF (CLOGIC)Y GC TO 13

GO T0 14

COMPUTATION OF A NEW ITERATE AND TEST FOR QVERFLOW

Gl FUNCT/DERIV

X1 X{(I) = Q1

CALL CVERFL (INDCT1)

iF (INDCT1.EQ.1) GO TO 26
ir (L.LEe2) GC 7O 10

TEST FOR CONVERGENCE

IFCOREAL QLY ) %2+ (AIMAG(GL) ) *%2) = ( ({REAL (X1) ) *k2+ (AIMAG(X1) ) x%2) %

1CONST2)) v 410

IF (((REAL(GL) Y x%2+ (AIMAG(QL) ) %x%2)~((REAL(Q2) ) *x2+(AIMAG(Q2) ) *%2))

1i0» o

GO TO (14e21) e NUM
Q2 = ¢l
X{l) = X1

ITERATION DIVERGED UNLESS NuM = 1 AND ELCGIC = ,FALSE.

IF (NUMGEGW1) GO TO 29
IF (JUS)+EG.C) J(B) = I
60 TO 22

IF (ELCGIC) vid) = I

USE A NEW FIRST ESTIMATE X{(I) IF ELOGIC = ,FALSE.
IF (ziOGIC)Y GG TG 18

ELOGIC = «ThUE.

X(I) = {(1.001,0)

GO TG &

RLGGIC = +TRUE.

REJuvING POLYNOMIAL BY SYNTHETIC DIVISION

DO 15 K = NeNls=2
AACK) = AA(K) + X{I) * AA(K+})

CHECK FOR MULTIRLE ROOTS
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OO0

OO0

1017

OO0

20

noOoO

1000

VR o o o

24

IF (.inOT«RLCGIC) GO 7O 16
RUI+L; = Aid)

GO 70 2
COMPUTATION FOR POS5IBLE CONWUGATE ESTIMATE

IEOAIARSLU{L Y .EQLLY GO TO 2

IF (ABSUAIMAGIX(I)iI=1.0E=5) 22

IF (l.EG.1) 60 TC 98

IF (REAL(G(I))=REAL(X({I-1))) 98+ :98
IF (AIMAGIG(IN)+AIMAG(X(I=2)1)) 120
ALI+1) = CONGGIX{ID)

GO 70 2

CALCULATICN OF ROOT X(N)

XIN) = =AA(NI/AA(N2)

CALL OVERFL (INDCT1)

IF (INDCT1.£Ge1) GO TO 10617
NORD = 1

IF (N+EG.i) GO 7C 21

GO0 7O 19

Ji3) = 1

wig) = ~1

IF (NJEGei) RETURN

NORD = i-1

IMPROVING ThE RQOTS BY ITERATICN ON THE ORIGINAL POLYNOMIAL

NUM = 2

OO0 20 K = 1N
AALK) = A(K)
Ni = 2

I =0

GO T0 22

CHECK FGOR UNDERFLCW LESS THAN CONSTL AND SET EQUAL TO ZERO

IF (CONST1) 22922

IF (ARSIREALAR(II)I=ABSIAINMAG(X(I)Y)) 1000,22y

IF (ABSCAIMAG(X(I)))eLT«CONSTL) X(I) = CMPLX{(REAL(X(I))+0.0)
GO TC 22

IF (AQSIREAL(XC(I)) ) «LTSCONSTL) X(I) = CMPLX{0,0,AIMAG(X(I)))
IF (NORZ.EGQel) RETURN

I = I+

GO TO &

SET J(K) (K=3r4+506) TO SHOW OVERFLOW IN F OR ITS CERIVATIVE

IF (NUM.EQe.1) GO TC 24 e
IF (J{5:.NEWO) GO TO 22

Ji5) = 1

Jig) = 1

GO To 22

IF (J NOTWELCGIC) GO TO 10i2

Jid) = 1
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26

27

Jig) = 1
GO TO 18
IF (NUM.EQ.1) GO TO 27
IF (J(5) +NE0)GO TO 22

JiB)Y = 1
Jio) = =1
GO TQ 22

IF (L NOTLELQGIC) GO TO 10i2
Ji3) = 1

Jig) = =1

GO 70 18

END
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Wi MAP PIRSN

5.6 AFDEG=*{A;B,C:0rEY=r

A CEG UNSTLI=UNST2=~SORT-EEANM=STAG~DETER-CCEF=INTEG=GASDET~MULLER=RCO
17S~UNSTS

g8 $EG UNSTU=UNSTS=UNSTSE

C SEG UNSTT=UNSTS

0 SEG UNSTO-UNST10-UNST11

E SEG UNST12=UNST13-SORT~BEAM=STAS-DETER=COEF=INTEG-GASDET-MULLER=R
100TS .

F SEG NXPAFS=NXPAXS=EXP=n_vS=rT AN

P..-l
[OV]
(o}




m1 MAP PRSN

CHN i
SEG NAFUEG-NAFREQ=GRZIG-GRT~HESSEN
CHN 2
SEG CRI~UNSTI-Ul CT2~SCRT-CEAM=STAB-DETER=~COEF=INTEG~GASDET~MUL
ILER=~ROCGTS~-UNST3
CHN 3
SEG DR2~-UNSTU4=UNSTS-UNSTC
CHN 4
SEG DR3=-UNST7=UNST3
CHN 5)
SEG DRG=UNSTS-CASTLo=UNSTLL
CHN 6
SEG URS=UNST" Ceo=SCAT=ELAN=ST AL~ ZTER=COEF=INTEG=CASDET =M
JULLER=-RCOTS
W1 FOR OR1

CALL UNSTL (“2/Rem o 73, CKIRIVSAZ,GMGaMeN)
CALL UNST2 (PioReHeTCIOMGIMoNEST)
CALL UNST3 (PIsRrHesTOrCRsRIZGAM)OMGIM NI
CALL CHRAIN{Z)
END

] FOR ORke
CALL UNSTYL (PIrRiHeTCrCKIRIVGCAN ,CMGPMIN)
CALL UNSTS (PI'RiHITO»CKIRIPGAM,OMGrMIN)
CALL UNSTE (PIrReHITOICKIRIPTGANM,,OMGIMIN)
CALL CHAIN(4)
END

Wl FOR DR3
CALL UNST7 (PI/R+HITO:CK2RIPGAM,0OMGsMeN)
CALL UNST8 (PIsReHeTOWCKeRIPGAN,OMGeMIN)
CALiL CHAIN(L)
END

fwl FOR DRy
CAlLlL UNSTS (PIsRtHsTOICKIRIZPGAN,CmE M N)
CALL UNSTI0(PI RsHeTO0CH 2 RIVGAM,OMGyMeN)
CALL UNSTIZ(PIIRimsTUVCRIRIPGAN )OMGIMIN)
CALL CHALZN(G
END

Wl FOR ORS
CALL UNSTLI2(PI+ RerHeTOrCKIRIVGAM,OMGIMeN)
CALL UNSTLI3(PIsRsHeTOONGIMIiNIT»T)
CALL CHAIN(1)
END
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